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ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature

Largest Reservoir

Longest Residence Time

Which is more important for
driving processes,

gravitational or chemical
energy?

Water Cycle Carbon Cycle

How are evaporation and
degassing SIMILAR?

How are evaporation and
degassing DIFFERENT?
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ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

~ {'"est <!.9nCA +;M-<. of c.oz. '''' ~ o..',-MI.:>51)""-rt..
Wau\d> \~~~ 4-0 +1N>- ((\crcc.:;,ed ~r<.<. 0 f- +4... teS<!JVO"f'(""-

0-" Co2. eJ)W<; CJ-~ '>\\~ ,

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use offossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

"fh..t. iYlcrt-a.~1l. of Col. ""~ ~pl<AN. ho-"b rl\<:.re<:<.>ect

~ ~ z:>?~ of (1)ck&.

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

lk. \l\Q.:,sk\c-..~ ""'Il>\U\-;~ ,<'Cft.o..~ ~ oILSi~ ~
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",,~ ck ~ l"l"-~orv6l'r & C-02. In -Iw- CL~~ .

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

C~~&n 6jG/e..,
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ISP203A - Global Change
Cycles

Part 1: Class Work
Consider the similarities between the
Table A Positive Feedback Loop

....:.. ,. ~.•~

1>-'1, '.

~---~...------------,'!/'

GROUP#:
Student IDs of Members Present:
A'-t31.<~ /21 l,';
A4fJ74-ICiCtJD

20B/ifo5

Characteristic Water Cycle Carbon Cycle

OC'l-l()I, 61 A(! (e,,) t.;-jy-li,VVI.>, . A1il1espllUL(COZ-, rJU;H\Al'll.-) \~ l'
Reservoirs CieuOS, 6JrliWlJ::uATe,;ec:,oi~ O~to.)IS;CCAC;;8P·2. ,1-\(0" ) Q.,

!?i(ASPh.f.ir.dilrtiAOiC CAllbul)
~1\IM1-jiOtl DI!"[/1111Lt\<. D~t,l\s~\nu, ,FJi,i,<2.IA I , tel1~nt- .

nProcesses pnC-i PI'hl Ii 011 CiiilMiJbl\TI(l1 ~L/lil itti o,rlo,non pI O\)(,l{,
Subl imili)Oil rt<ihl\126i.· 'i5holv~I/I'l-H1.t$l.S:ijW;p ,rATlv')

\()iJvltr (/.&I iJCI1U. ·+I11'\.c' ID~V IYIUl'"l.- CI- \J1i,S~ SAI1'U.
Residence Times (V\~j' wC\,fe-if" 11'\ rLSe.(Vv, V;

iM:I~~i OllH"'tw; Llf

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

ASir;l~fr pi/lit !vI' U;c"i£v
e)!. Sir.uUI15> I dOU.DS, [,<.Mt.VUV(,ildl))

4. Chemical Energy (when is energy used and when is energy released?)

Enl..i3li r1.1tli,j"o u.,h<..i1 be.1DS urL be.i'lq fc"Yl£.J)
,ei)if~ u!,£b Wl)i.;i DOilOS ClVt- ))<:.;'1161 lJLWten.
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ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

OC-LeW'::. 'lJJlt:bPlIuL

Largest Reservoir

Cetilns, h-fhCs,pl\i..-t-J....

Longest Residence Time

ell'V\\I i 11\11 Cl'lfiJ Ch(.j·Y\lLi\ i- hi,s; Iii
Which is more important for OIW1l:ijQ. ci\i-·l\iull . .

~driving processes, fYlLU.u.'-'P coil) £'0 -lhV~W71

gravitational or chemical c\1 r. lZ-ts,e r "~i v::.
energy?

0011'1 ~VI\pc((\.;j)D"'\ cr Clt.e.lf\~~'lI)q bl>+h
II')"DIIl-U ~mleln~ :; lUJ's1"J\na.s. f\Q.C,1'\ ·I(u.-

How are evaporation and U~'I'hJ CCi.(l,i\ WI I') P!,<.t11 1'\(;) •-j'i\.i'.i\,\ 111 I'll

degassing SIMILAR? ~11\i1.- dll'\l/sph..i!/L.

In Q;v,' PifA livn Si),lJsltll'u.;,. 610 nZu N' llwio
·-I'D l'J11.S,. Am> III fXt.,I\SS rn&, ',s (1 e);~\~ ·j1v...

How are evaporation and llnlW.L pru~

degassing DIFFERENT?
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ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

11\l'.,YtSIDl.-,1Le. -111~'LL lAJOtAJO /;)D j)G~c;n \')LUW&l inPtDj,vl is
hiMU

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

!c\Gre C0~ ,""e"'J'S.j loGe! voj w-"""';~1 ,."\.,,,(\
P({(.\f\~"~:->-\ \.'\} h'I(~ \./J -J(JJ J I !1cfQc.,-...~ J).,,-(
I ... "'... j

at- ('el cks .

F:. ..
y\ c<s 'VI C''\1''\SQJ
LoV e~""""J rrJe

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

'1 . (\ 1 1\t- u(\lcV'S' bJfl\,"'y tors,1; ,j...J~Js r\"-5

CO;o :r; ~t~ cJ--1"",O.'p"'~J'< l-u'h:c\'
l,t CO~ ,v) t""-~ <\1-1.1'\ crs~ l..if'{.

l'I\U>/v,,2 ~ 11-< ~\MOUI\~ vf

(v\'.l'2 l4 re~";J'AqhlM<

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

Co:,-
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ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own.
means your answers should be generally unique from other students' answers.
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

This
Submit

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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ISP203A - Global Change
Cycles

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

GROUP#:
S}~den~~D~fM~rs Present:
1~~1t1.>J I<2 [

I

A48.DOV) ~iJo

"\
"

Characteristic Water Cycle Carbon Cycle

Reservoirs

Processes

Residence Times

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

~ f\QCL \J\\'N.>({ COJ(w'Il j \NCt+u', ti(,. \& ~ Q-O'(2Qd

2. Evaporation:

-\'(\Q ~~OLe ~ S of 'NC\t€JIL frOlV) \ltLu1cj to ~ CIS'.

3. Degassing:

~~drnO\f \('~ ~\0 \\(\ I\J\\\ \1'\ \'[\ Cl~ reteJr Va Ir
4. Chemical Energy (when is energy used and when is energy released?)

~~ 'O~roy w\(ldS
{v\W~ ~ fD~lr\1 \DaVId)'
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a systern to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a rneasure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes rnaterials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

'NWtv\9.XZ'fi1 O\JCJ~S (\1 t'N-. &'GffiSU RatfJ.

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

r

'NV\V('I QI fay t~ \ ~~~g QctJ~ 7, bU\f!~d, l't

~. Q;\ QQ SQS o.JA 'l\.Q to s. 1'j\ h) i'N- CttvYl OSplA (14" .

it ~ R,"'"'. I \f()V~-
, .\

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

lYWr~ 'NOu\d ~t YY\0¥JL LOa l Y\ 1hL
dv\N\a~\r\Q)(e {~YXY~Q ~\ \1J Cl-n' on ')

SD \" ¥<-1.
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ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

\\\"(\t~\D'M-
Largest Reservoir (JCQXtI{) t)OffiO S'5 - tV.ee.~

Longest Residence Time \JCJJClfl \\~Sto '{\).
(\o\~~t~t 'f~. \0\ OlflO\ s"s
~ \ f\fA~n «1)

•

Which is more important for

~~OW \t (fin M\'l\ ~Y'Q\'{\ \((l;\driving processes,
gravitational or chemical

energy? ~ .Q\\'() I C\\$('\(\OvfOl t
\('Ih\"\ ((Xnon)

\;0-\\0 C\~ cJ(\Q)MICO) U>\"fI'POIjN0

How are evaporation and 1YlCA\ N\)\JQ.,
degassing SIMILAR?

CJU£9-\ COd-\\R~ 4t-\aO

Q}{G\? t)If fAt,Df'I crowlOJ~g +\0,6
How are evaporation and

~ \\qpHi ;-n qos butdegassing DIFFERENT?

OQ O~&\ llq ~~u S CJ)a~ Saw&;
" \J

3



ISP203A - Global Change
Cycles ~.~".

Objectives -" '''',';".,.,,~.

Upon completion of this activity, you will be able to:
• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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ISP203A - Global Change
Cycles

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

GROUP#:
Student IDs 0 embers Present:

net .~ R\o'B~

~MO!;;l88,~

Characteristic Water Cycle Carbon Cycle

Reservoirs

Processes

Residence Times

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: 1\~\\tr\\~ fie<\" ~CS \f\D,tra ccn::xn·

4. Chemical Energy (when is energy used and when is energy released?)

~\~Q\ t:~qy lJf:>eo. \\X\Q.J"\·Rxt \i\~ o-o, rQ.,~eJ-.. LtX\9..f\

fCn'(\iNj~ b~N)
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ISP203A - Global Change
Cycles

.,
•
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Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features ofthe Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

(Xrcf1) ttea..>~ O~
1 \ • T1 { 'I,~ 'IT ro\OS

Largest Reservoir 'Tl C t.Cf'-wJ \S
"":fO~~ 1'lntrCll:>e~

1 11'10 1Y1'~'"
'1 nq) r I ~ ~O\N"CU~, rrt (V'

Longest Residence Time
COjlffi'i~ \t \;) «i) ro\\O

~,

Q'(OJI-TCrhcroJ c..~C.CA\
Which is more important for

tNtr9"l eNJCJ'ldriving processes,
gravitational or chemical

energy?

~ «c 0\ \N\1. '(f~~Jtom \~\IJ\\A!) -tIL \Y'{ffi"rO\~
How are evaporation and

degassing SIMILAR? cRlV'Ottox:J

~~~\~~ ~C£0}rot

How are evaporation and
I \'\t~-n' ~-\- '~C(Y)

hqJ\Ct-L.-Cj03degassing DIFFERENT?
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ISP203A - Global Change
Cycles

Questions

,,,

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products,such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

I-t~ "(t:CfeO.<e \e3\00\::e f\rfC"~
tn:re ~\o. cc CCf'(:X:n -\ \) -¥rQ OC~-

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

"J:-t \l\CUd-\rc~~\f"'<j~ M
-Wt: 1~~ ~'P Of' CC2.. \\\~ 0:\1Y'0'S~ ..

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

l.~ ()~~\\\ \0fcxTf'C~~~ \\\C5:;,~

~'i.QfVC); (\0 cnCY\C)Qd 1tu::> --\-Y\..e.- fQO\OJ2.t'CL -n~
1~c:n:.f'Cjed ~ 8tc::r \~\~.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.
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ISP203A - Global Change
Cycles Li
Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equllibrlum.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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ISP203A - Global Change
Cycles

GROUP#:S
Student IDs of Members Present:
Ayooo 'H5 q /V-!" ~ S, l{~ 2
A-1-\'/..II1Yl I)

p., LJ OS SS'tllt

Part 1: Class Work
Consider the similarities between the
Table A Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

- ""'-{. "C.een~ I 5\II..C i-l/S I I>-I-o\?i.<<r(. (Lo, ,(.1'+14\ l;f.4.sPUv
Reservoirs ~V\.i\l' C Ioe-O-~, I{-.--~",,) OCet/A~ (C.OL, i1-CD3~GCo0

"IJ" w~w. 1t,;. lAM') Ls"'j'r" e>~ .... < c:."",(.,., )

i:\J "''Yo''''+-i.~ LP "IkA""h0" Ue5~~)b~;~\/0c.~
Processes ?,,"eLl\,;\-""~OA 1tJ;\ch"'1 e, I t'-~rl2;Cpc~DI\. ~+u~)',~),

<;"'-~\;"'''+i'" ,I;~(:;\-\-.--At;o" e-;!j/;rtlJ;6~. w ",,-~4........."'I
L-O""'if(j<,"'-\Ov:'trl"'o~A\ of il'-b~t. or ~)F ~w-~ M.

Residence Times
vJ o...+-tr '\11\ ~~e.rvol"', tkc.- (,.>"- ~ c :J el-e-.
;,,(CloJ oJ G~~ FI,..., 'j-

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: tvlve..- >ll""Z~I'j ;'" 'S,f.-or~ ~ w~~~ W~tU-( 0.­

rLSerl)o;r(.Av.lb be. o--(;:lre.WV' o~ r.l K~ ",I (
. I V'c t'\ to- I .... r q .

2. Evaporation: Il e. ,?vDC -e~S t\..--t)~J wL, ;cL 0'--- \:1 ",;J. be. CoA e.~

()- JiM-:.

4. Chemical Energy (when is energy used and when is energy released?)

LV\. e')J <;. (-D reJ.-. "(', C~eM;c:.o.( ~ r M
;; t ;'S LA<;~ o:J-. '.e I~e.J-...

c/lj-k SI<M-~ t-~ 1Ae- L12j. \2;r~ ') ,
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ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

()c..~;\~ L~ -e s.\-o '"e.
Largest Reservoir J\V-LItY)

Jlo-.-CiV'S Ufv'\e.~\v~-t

~C; S: \I="lAe I';"~
Longest Residence Time

Which is more important for J,-"'-- L?o:\-o,'\" (o'"' 01.') C~~M.;U \
driving processes, e"e.rjj -evt~Jgravitational or chemical

energy? Cbe.t~ 0fZ-. \~¥-ci)

1"~t..-) (j\¥f bDI-l+4- M.o"tJA€A Or- }::vv M

How are evaporation and
\ :1tA-1~ -h> 0-- J~',

degassing SIMILAR?

~e J Or C ~ :\+vV'-'\ i A t-~-\- w, \-L..
·E:-Vof'Cl r-oJ·' 0 1\ 'I':> t'- ~"- ~e..-.,

How are evaporation and wl~o-\ kJ~S"(\J ~~.Ir ;/\.O\i'<.M.e.<A-
degassing DIFFERENT?

OC <7--) O--J.
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ISP203A - Global Change
Cycles

Questions

... ,.,

<,," .../

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. .H~ would this uplift impact the residence time of C02 in the atmosphere?

K~'JeA.ce.- +-1fV\-lL-. W()v..\~ d-t-c~~e.-

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks? \ \ II, r \ L 'LA I 10._,.... /10

\~.I"::l ~ ~€J- t"'-~ 1..)Ul.~er-I:.J (A\-t.. O~ T e--~e IV ""rv "">

+0 ',IA (y-e..:;C~e. ,(€fj' o..d- ,~:f\, ~ rtHe.",,,) ,

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system. I

'B,e.uw-->;e...-~~ ~t b~e..;, b~vt;) ~~c.::( \-",e-Is / t l '!') 1..vA.)

C~J- k ,e.".,t!-e...t.c.e... -\--\ M z.. I A·t\.L<_: I'--J ,,\- 'SL-.o v-+-er,

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

l-J)~tLv-·,f'j lo..\ \v\-cV"co-J:,e~ ISV ~. 1""".e.\:J.<....tc.e.. I-I"", €. ~I\
-t~ t. \: f"'e.. '::>~'" t. re",erU () ;y- os:: Ce»: bO " to de~ f. .

4



ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

5
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
a Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background NotEl!>
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ISP203A - Global Change
Cycles

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

GROUP#:
Student IDs of Members Present:

-A'-tl'lC£W~

Pr y/)lp 0060S

Characteristic Water Cycle Carbon Cycle

Reservoirs

Processes

Residence Times

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: 0\ plOl;f W\rrel2t~ I'YtGtmu} \~~,

4. Chemical Energy (when is energy used and when is energy released?)

Qf... Of C\f\8YY\ \[l\ ~q~ vVD\;\\d \J-t> WHl\lrq wMd
oLhO /1w V-I? I-ealm Di c07 IVi1D 1hQ [Jtlroopneje-e

2



ISP203A - Global Change
Cycles

, ,
\..;."

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

O\?CD1lS' Gtl-rYbd?~fLargest Reservoir

Sllffl Gt~ b0Jl\.Q G\4.
Longest Residence Time CC\Vl(Jon \/'let\:Q;\l

Which is more important for
qY[J\\JHo,~l c\f10m \CCC\driving processes,

gravitational or chemical
energy?

-(\'\I( \:Jb1Y\ ®c\ CQi\ODYI to mff-et52t1r
How are evaporation and

(~~~\tt)I~J~ ~ (\\-\7 w\ gail -\'DIm,degassing SIMILAR?

iJ,-\mS 0f1 \\1 C\:\B~ -\l,~l

~~\\~ CtGtI\' cetX\:JDr\ IntD dlwam+-
y~ \1\ ct\tt '1\tt-t con ~mtJ1~

How are evaporation and \'JQ \) wet l\1\f\Cj CU"d O~G~D cLilrK\ ~Sdegassing DIFFERENT?

'Th ~Cl\W-
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ISP203A - Global Change
Cycles

Questions

.,

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

if WDIA\c\ Incx.ea~ ihQ (iYi\d-ehGP 11i112 DI:..QOvllrq
mD~ cOl l\1h 1h.Q ckiYn()1jJrolt'f,

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

-tV\.\! eDt -<YWQCl:<J Up [Ntl oldI11D9-fVj trw wertfn.eHYlq
Wir.

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

6\(}DWX-LJ ~I'\1rq iX\CY~a~1L 1\11 rYIQI-h\1g i VY\Q Grd
W CD1 I(\'m CthYlfi4p\1Q;\£.e Incr:Qa4e VvY\\d~ CCi\LlX1Q4
I'Y\~ VYl U~x~\ In 11f\Q DtQa (\ 1D \\1CYLQailQ.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

\\1-Q y~\G\QfIC.Q tlmL? \YIQ et1mD4:Ph2~ \t. a\Lcr.Q04QO
\~\\ ~\&b lD'N.et \Y\D r~ffiYK~ l1rrv In )YLp oGDXht
~UJlQ i\LQY haV~ 10 rY/Dv/Ch,
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ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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ISP203A - Global Change
Cycles 7
Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

- (OJ 1001\ \ S M e\ev'v\.Q..VIl (V\ct 0. COwIpcv"or li~e HtO)

[
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ISP203A - Global Change
Cycles .

GROUP#: T
Student IDs of Members Present:

A'-\2\~c;1q 2..

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

,,
b V 'C(\ \I,, 'l

foss,\
ruv.s

Characteristic Water Cycle Carbon Cycle

ocean, S\'fQ:UY\, lo.l<:.el., tjIClW'.l' ~sp~r~ (CO.,01,),ocea.n(CaCo3,(o
)

Reservoirs c.\CAJo.S.C(),:l'MO;P\\vc)) b\omo.ss (;U~MSJCY"f"'IC caRbCl<\)/

i1\"l>\JV\d.(.oI..Q,\e( C,&6tl) IIt\,o~pfwe (\I",,-,..n.~<tCcl, ,oat/oiL

'"~V~OfQ~Q(\)C~~~~~~l c\e'l"""~' bv~·IvJ..J ocenn <ltIGl\~co.'li.Q.
Processes Prec.\PI tel-nCo, dISC-I'lCUtle. ,-wu,Sprqh 1'l-.o+"sy I\\-\-A.III ;.-es\'1<0;\\0(0., )

k"l.\\ "',oP;I1rr>c\' a.,,~l ' wet1t't-te\'"if'l~) ,",vMQ.k'\ proCI2.SJes:~

""leweY 'f\T: 'owex o.Mev~l.r """"""" More or- W s 1:fut so...m.Q.
Residence Times 11'\ ..-escn,JO\''('''Jllirlew/CvtFtCVJ

Il"I~o.S'c: fu l\.la:t-€<f C\.6c::U. .A_
.: - - - - - -- -------- -- - - -- - ---- .- ------- 7"""~

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: bcq;.e \ -t\-1Qt COO-to..u-- wQte,.r 1(] QX\~ of'·fu t:hre.t.

f6f1\1,

2. Evaporation: (,hMIjH'\~ wCl\iY 'ttl '" CJ00eouS S+C\\'e

4. Chemical Energy (when is energy used and when is energy released?)

C~\CQ1 elW"':,';) \S CU'\ e<\.Q)('ll'j used in chavncae mO:\-HY \rdo
C\ 6\ r{-erer,\, s\o;H:.
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ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

~Osp~ becQus~ ()(\mG'i>PVul.Ae " tc:
{-neve i; \"(\\JOA m~ (~ ~ (S mOle co.; bor"\

Largest Reservoir If'l -t'NtOvW\ospVw"e {-]"Q..n 0\ icx,fu. In .\-iMAA
I'M mc.h K'<\c!of '.oed';) of" ~d~otW.x-

lJs(l\er en Jd,v....~yt)VI'\d. t\:SiY\lo1 1"<;"

0JYI)\J(LcivJ C\,~ bU(lcu"
'ole. It to,J.e.S

Longest Residence Time f())CCO L6eo.xs

'0(AV i'rUnonoJ.., ffiefCQ~ ~[QoJ.~~

Which is more important for bero\)S~ d, \<.Q.Q..(>s-l.,"\I-I.. ~CO\Js~ ~ CQ){bOY) is

driving processes, ~ moJl'V''j C~dS) 0'1W'1~ I rJ'h> oli~feren,'
gravitational or chemical {orrw; -\:\oY1>U~'"~

energy? P'n>c.v;s (~)

~ axe. \YY\\trtOilt
bo1Jn breoS.. clCUJI'\ boho\~ cvno- \?v{-

~ \1'\ \N.. OJi'M()!:p~
How are evaporation and

degassing SIMILAR?

eV01XJ{(A11.0Y\ \-o.k::.~5 \I'lvlol S Of\d. pvt-, ,.1-

I(\ +-\t\E" cx\'rno s,f>~
How are evaporation and dng C\SS\{] Cj \!JrTh \'C...'i c\a.;y) CO~.
degassing DIFFERENT?
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ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products rnake.thelr way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

I-\- wCUIC ct.£orffiSt -tIN.. reSld..e.nce. 11\'V\.Q.. cf COt. 11-"\

fu 00\mo s,? I\OAe

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments,and bricks? -t\r\t YbdC-!>~ Ov-\ Cl fo.'&-\-€K
'(~ -l~ yyetJlo)Sl~

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.
1he QjY)CV(1\ o( .~ 11'1 -tW- O<::.QWn clQ.C.!rw,s;eS d~ -n::, 0\..,

IY\C\~O( dYllVC\"R,. This ~s. -{.-Mev\-~ outf(CtJJ ;;.-_
wC\1Br dQ.crexses ('{I.Q0JI\ \Y\~ ..I2v\CX;J -/-hQ reSLOV!.Xlc..~ -n
lA.'OJ ld "rR. \ClA&ed . 'YV\.Q...

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire

Earth system. -hs IY\ -t\A.Q. ~XClJYiPLe. oX>CNe~ 0 \aYa2 I·
tJf CO('\,I, . -.- 6~ ChlJV\~

-n~toJ, \\\'hospkore 1l?\\Hs \'Y\().X_(}I\';) C\ hvo/-- 1YlQX\+CWt\
rQYI~. IT liS ().leu \0\ , nc..reo,Se & RI.
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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ISP203A - Global Change
Cycles

GROUP#: 8-
Student IDs of Members Present:
A3'1l Z. 3S"8'1
mog33'i7~ /tcJ?,/3'c,,"027

A'1BlI7b%

Part 1: Class Work
Consider the similarities between the
Table A Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

oc~o."1 lo.~e<; S'~1"\5, }l-h>Io sflIere..- oct.",,,, b,~'M<!:i
5\M{~t\ cl~vMI3(c>vnJw"kr

I I
Reservoirs II "H< 'S~ l( '-'Vi-

e,vClrore>.h b'1 I pYu-ipil-a.hM, ~MSi"J bort'o.\ .(t.0.I"
Processes Con~,a,h'OI1 J;schw'Y-tuh"r~ o-C idih(O-~oII ~h 'n-'-.. , , t>~'S'~ &£/~

I svb\(Mo.. 6'~ Vt5" b;r4..Jioll ....... ~4.-<4.i ,"Il ... · /

[OWL'f r~Si""'<~ 11M\-~ /.,;-'''-Y
...

Residence Times ~vV'IoVV\t- .+- wo¥-r 5rttJ..t AS """,\<;r eye-Ie.,

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: ""\<c(<<- 0- ~;",\ i, h<t.\.\

2. Evaporation: {'9 u\~

3. Degassing:c.o 2.
MOV1r:5

4. Chemical Energy (when is energy used and when is energy released?)

,,~~ <N~,-,,\ bo~s ","y" I "
~ Dron~'"

for~
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ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

Largest Reservoir ()c.I/A'l\ A-/1vIo~f he-t'e..

Longest Residence Time GfOUI'\&.le...\vr '\3..,.,-, .....\

Which is more important for Gy-"";~lti""""'-\ C.\o\"-'Mieo...\
driving processes,

~y (;~rgravitational or chemical
energy?

\:>0","" ,,-,,~r,,-\iM ~,,~ d'::f"'''~ ""C?-

How are evaporation and
bro...h.;'j cA.~...,,"\ "- ,,",0 lecu I~ ~A ,"~

degassing SIMILAR? \-'v.....
"-~'~h-'-"'-- .

ICv"-\,cr,h,,," i~ \,,......."",'" J"", " 1'1ui~ /,j..,

How are evaporation and "'- 3"" ...,.....'-""L J"':~r"Hi':51 I'S<I.:.
degassing DIFFERENT?

br~,,-,<;"') c\-""'-'-'''' Co a, i "If" -f-l-L ...-k~1'~

-h-gM. ~ 0 c.<te\.11\ ,

3



ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

'e.... ~-,. C" 'A.-- ~ "'2. ,.,

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

~ i~,"",,,,,,,"'" j" to~ '" ~ ,,-~o~~kc.M. ....,;( I

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

~. liM.c.,S.fo,,( ,~ ~Ii~ tf"'" -\-Y<-. V("k.sF~, ,'f,. ,,",0,,1 J.
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qISP203A - Global Change
Cycles ~<

,,'1\ .'.,~''''''~'<~"''
Objectives....:,
Upon coniplEfti~n of this activity, you will be able to:

'.~...~Jiognize how carbon moves through the environment.
•. ''"."....,.,~<,..~' Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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ISP203A - Global Change "
Cycles

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

GROUP#: q.
Student IDs of Members Present:
440=1-8"10 o55
AIf()(P2f()2.-(pq~f;
ft~H3"197 t '\ 't

Characteristic Water Cycle 'W!.1 Carbon Cycle
f; (1(). ) ~I 0

otQ.Cn I (1 iJo/S I E51@vnS a--hYi~5f~ Ciw;M[Ca(!J, CO2 I)
Reservoirs t)lC(Q~\S t La~ letwcl5 ()iO~ II:iO/Y1O<l5 -'7 3"'3<Y5t "'':l' ..k -, l'\~o"''\,n- '( ;x,1;a '

e:JC/'PO<aJ-iM, a/l.dt1.reg~ de~CL5,)"fL3 ~\ burrcvt I
i'l

Processes Pre.CiPl~~ I "'~SG~~) !Xfl£!vn O1!)cU 'cosNotv I fh'.fo!J~(lfWN
501JINCt{'Wc .~.Q,~);... hv","",~

\ow-e< rtsl~~ I lowe-- ('ileIT or~o's ~ SOYM
Residence Times CJVW"1- of-. wq4&- II" r*hJo,t, ~ .:»

Wc0+o~w tlf '-

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: 519r21( flt.ti!S -tr wderor ca('60(\

2. Evaporation: LJ~~ ;:+s f:>~-1e- iY'­
tJ){+Itt- fro U(QU +l-e(Mq l Q{\~J .

4. Chemical Energy (when is energy used and when is energy released?)
(~\.j~) rttQ.Cl~eJ. wNh 6Mcls l:>t+u.:eeA I'lWlecJloJ cJlre. bmfeA (3V\cl i+ .s
\):':,Q..d wY\.Q() lY\(}:-\-4e.-,-- cI\~-S.

2
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ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

~o4fMre.
()CQe{l

Largest Reservoir Bi05f'nere. -,l)\)lVl"! r- d'A

~dntL~ 0«- ~~. -:;;e-vvte- QC('O 0

oa~·
Longest Residence Time

~\O'-e-€~~ cJMrvu' cevl bec~;{\~~eycAt. a~Gwl
Which is more important for

chcl'-~ h.e-lfl oJc<-4r C\'w<f. b:f\ds. b~ fu be-driving processes,
gravitational or chemical ~CN! ~..J~t VVWllw4e.o ~

energy? ~LfS ~- (IU\JZ f&reJ f re.-¥r<'<..J
~'i,,1h ~ /08C~

c(Uf\(l~ ) freC:i~!Je.J.vo)
[k~ 6-\-fJd'(\V0 ~vLt- jMolv-e.. rrtolReJ\Qs

\£cv-J "'J 0.- re&Q\)O[r ()\d Vt-Wll't') .fkt
How are evaporation and (}l>/1Ylo is pheAC-- .

degassing SIMILAR?

·f:VOftW~D/\. I/I.Jolv(S ac,M,t\py[ of Jf-eL+c.

How are evaporation and
Oi\.ci e&z~assIVl9 at!OvJS (04-·/-6 ~h
IY\. C\:... JQ..S{OUS S'Ju4-C:.-.

degassing DIFFERENT?
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ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?
\Y\fr ,--Q.o-j cW'CQ.- ';\l~ WOV l c:L !1\.Q-eov~ .

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the Widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks? .,,~ J], (1~.".11) _ t-; nAflf6J.. 11 AA."
~~ WOU\6. I;J-t:l»'"'vtr "tt1O'1\'J tJC.{(i{.i.5~ ~ '-f"1/'eJ'-.-

t5~ Cor~O(\ ';(\. +\L Cl4lo~\!re.

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system .

.1t ~ \MIL CDc) I~ ~'- CrEP 1l<- -+\'1t f>'~ of.LW'e ()I.7-M6sf~ I 11- Mli
1'(\Cr('a>e- ~ .~ c.Ot. b~ \(\.~ 0.40.0&p~( ,Y\c,-eCL;rcJ:
'('Q&'\~ 'i,'iV\Q..'>. 1-~ t.eR- \.;JQft +0 rw>tk <Z rtJ-vvow
SjV\.Dl,lv~, ~ CO... uJ 0() \ cl Sty.Qj~ \U 'i> <l-I~ ;n ,c·li/lev:!­
j'O.S·i:.nJ:?li. Cho,,,,,-U"''J itt.. 'S,,~ CDU\ .L {hOt \(L. +t<- ~J.e J0
+ks-¥t- or sL()()JQ.r.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system. . .1 Jr.. Cl--t""" J)lM --

X~~ ~O \i\.a.J a\D.y reM~ +Me III '-t'I'L "~~r"VT,

~IS" wOlAd o.At"oW·W ('(\(}/'Q. COL ~ ~0. II"\. W cJ c i/IJI-d
;,tu) otJld 0f\.s;.eA- --+hQ... ~'I"Qt(\\"Ou}e. ~ <\0 CV\ 02o}c-eJ"/\..Q..
01"1'\curt'-\-.
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

1



ISP203A - Global Change
Cycles

Part 1: Class Work
Consider the similarities between the
Table A Positive Feedback Loop

GROUP#: (0

Student IDs of Members Present:

f\WI~ 233 17-
ALf2..1 o~'-(2..~

Characteristic Water Cycle Carbon Cycle
,

O(.U>J) I G-(,,-cx<.1, I",,"'-~ I' P<Jct"o'''"'JCO L ,01'1) c~k,v" CM't> f,A,

Reservoirs 5t-~5 I oJ>Wip.re, tOl. '," 0 <Lori • " L'''''S~~
G""",,,",,,,0ttf'

[v ~f ,""~o" I c"",",< ~\:<o{\ I 'O~if"'s'1'3 !lv,"'-' I 0<"''/\ "",d,
Processes 11'<<" \' ~~...,"'"6:,r""'~I wu-~;051 1"''''''<'\5 "'.~ ~I-S"'\::l\it"-U.+OO f_~lIf"kO-~oV'"

l-o,,"<', rt<"dJAte h ~, \<>'J<f'
1~ ....<h. J.4 ':><t('Ae

Residence Times CJ»o.J'.-\- it'. r-e~J r

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on,
1. Reservoirs: ~ '1" ' :5 I c: tAt kr (eft ~ C1''' ~(\I'rrr ('L sera«. \5 0. . '-' ~ p ~ 0 U I' v I,

fr<.J.A. r",\ Ou'QI'> ~ \/'leN' 1(1 oJMc';QhJre..

2. Evaporation: A +,~~ eF VOeorQ-z-.. tC/f\ ,f

$c.rF", '-<- / ('1'-11 e:t

4. Chemical Energy (when is energy used and when is energy released?)

1",d if ~::J \1\. rC''''c<!·s~ d't-,J. C<:r. ~. ~\e c,\;ecA,

C\....Mkx,\ rLoC..}~ClC'\ •

2
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ISP203A - Global Chang~.
Cycles '

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

Oc..eoD'S CO~
Largest Reservoir

0(,e..o('\5
C.O?- '" o~(1.\o.e..te.fS

(}p.\c.-ltiJA- c..crbeNJp~
Longest Residence Time

GrCIJ ; +0)''"''''-\ c.4JJJ co,\
Which is more important for

driving processes,
gravitational or chemical

energy?

'bJh -rot.e~~ r:h.o\ ",d'''' (J"%es crJ
1-cer-." f"""","''c<\ X(oU-Sc",s •

How are evaporation and
degassing SIMILAR?

euo\,arcJ1CJt\ c:k,cl.s v->;ft t e-\J''t JO. ~<fl i '0'vJ~xr:r

\;Jv',~~ J..q..OO".I0c eN..c\f "'liD\.- (c,oW' '\:r-
How are evaporation and

\J ,

(j"" ·ff"·,,, v.J'c.~er ~

degassing DIFFERENT?

3



ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere? .

T-t ~d.~~ -\h9.. J\jJ),'dJ..1IV:.L ~
\)\ l-f\Q ~()S~. 102. [(JJ.LO.O. ~" .~. d JOe.

(V\O./\.l (\.C\/,..tK;-I.
b. Significantly more C02 exists in the atmosphere since the industrial

revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,

m~an88ts~) II ~Qa.AL w.eW+\.l\.M'l..Q;~
-b tLe..p. toe-\.<...."'- cr-cl. ~N,",~

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

I (=- ~s I.e s<;" c~ '" l'k o.ht-t.<"el...ere. H.-«.!'<- W I ~ \

bA- t"-d'L " " he- 0 CL-dL orcJ-.· uu1.e. ""t c\.;\C{:'e!vJ.

f ~ 'i; J·-V\<.!t ~~.•

f1..e.. c.krJ'" I

;"1 0 (,,-\ 0'"

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

CM~"{\ ",5 of~ ~" ~ dJ<.Jl) (",L{<..,s I OCe.dL)/ e..cJ-
i" C."r b6f'\ 1e..K-1. s . )\-,:) I..u.J

oh-u- ("(.~I'~. W~

rv • \ , c . S ~""--t\" c..... 'l;..M.SI. •
'-A ('<C~".r I, ·1t'AfG.C~UI\ o o I ,~~(J'-<.A
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/6ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own.
means your answers should be generally unique from other students' answers.
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.
\"

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

5
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

1



ISP203A - Global Change
Cycles

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

GROUP#: ,\
s,tuqent ID~ lolMembers Present:
fri..{3B~)C/I(p

1\ L.(L\ 0068
,A "1),\ "C/ C<17

Characteristic Water Cycle Carbon Cycle

CCw"V\( lclke c Srour0.c tlIl-w.osfi'u.e., oc--€6--v'I-':> r 3kl!
Reservoirs

,
C.kxx\S' I s-ln0WVt-5

t\J~o{uhW\ coAd-t"'-salvo.
Processes ( (

ptu--, {J ,l-uf.v",,",

Residence Times

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: 30(YI<..J..h~ ~f (1~V1 hoed ~l-e.r

2. Evaporation:

3. Degassing:

less &.", e.

4. Chemical Energy (when is energy used and when is energy released?)

~t.~.• (e.\ (;_~r~'1 :5 ,,\~~ ",l.,,~ '0.,)<; NO .k,~~J o.J

~d~, ')- ~ \ (I .! "> I
c'" <-U wlA.-'f'''' rtr-'-..t 6'r{ (,)(()I<..c.I"'.

2



ISP203A - Global Change
Cycles , I I
Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature

Largest Reservoir

Longest Residence Time

Which is more important for
driving processes,

gravitational or chemical
energy?

How are evaporation and
degassing SIMILAR?

Water Cycle Carbon Cycle

How are evaporation and
degassi~g DIFFERENT?

E.v(J.,~~0f\. \r\.O-b ~ dO) .ss!
~ ~-lf Q'id-e.

'Dz.~ oc~s~ h.~ t-o al() uJ I ~
QOJV~ e'-{ de-

3



ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

'\\ru.... 0~ hfL~ wov\d 'VI c. f'e~~ ~ ce ~ 1cU.nce.. ~
GJ- Q~ ;Y' ~o..A-vYWspk~. IX oQv 'R ~0L \S

i/VIOl't. COz.. zxpoRd, it- w\~l \.a~ tov;cl.er fJor.~
('Millen {..e) OI'C f.'h'fC)\.}qh. ~ Q,/C ('t..

b. SignTffcantiy more C02 eldlsts in the atrrl6sphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?
~ Q<ick0 C.O"Z- t\l\ ~ o.J-W\OSpk-re.. 'IV\C~CL~

\-k.ro-k cvI- whlC~ vve~~ r!JCCWS. Ih..L~
rot, I'V\. f'k oJ\IYl.OSf~-e...,H-t. W10{~ ~d e>bjeds
a.rrt.- '

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

~ ~I- of- oJ c.l{t~(ed auf- (jt f.+t. 8rovrd
decN:'(L~eS {..\~ 5 \,'-C e, 0 (L '-'k. ce. S-eN g 1'1 GUV\d

clecf'to.-u fk- ~'SI6eVlce NYVt.e.. <9 t-/4 oa.docy).

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

...y()r \~ ~ dc, II Qh l, i1~r.f';)\deVIe.-e.
\ . .r ~ w·e'l-ev\.-

{.vvr-t 0 t- (O'L wevld bz i'ncN-u.S-fcl/J~cCWK f1-.t.-

~ SiZe- 0 P f;k re S·U\lO\l< wouLd lo-t VV1('C't'CL~d
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fJ-ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

1



ISP203A - Global Change
Cycles

'""~" c

GROUP#:
Student IDs of Members Present:
NW qio 8Cil Co
N·(3~ Co '5 Co 3ylt '-1 31.7 Z li'b 5
A'i?>50CoBn

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle
LitIuJ'l,P rHre : liMI ~I-b\'\ P.•~o1/

O(,~, ~ I'MAers) laKeS} Mmospntre:oYbon dioxide, VI1
Reservoirs S+teeMs} C16LlOS) 3V1l\¥'dtJ,iok'( oceans: nlCiurn (¥bon.H) to\11c

'6 fospheq:; S\Ja aI's HO ~f(, L'ir

Processes
£.va~o~HCYI ) c.oVl ~eVl&,*lov\'J DI.".9~S:i\'\~ ~\lV\ll \) v OLe3V\

D,(HA~(tD H6l1 ~iSLV\,~t) ~1Iti1~/'l4- f\ru i,fLO ~ hI phb~6~ V\lh(~i7
h''SDirJh(l\l\ I lip;?tl!-.eqV\C.\

'.v< (c: ~w+ 0 (, Iiz,.Q"~ 1/1:8 +iNl't
I'Ii\JIV'{ (j'{ LeSS th~

J

Residence Times " \'ile'dw;"vlflow -e, t res ti YIl{
.s~v'h..e

;, \1 a' :>
+tt~t1 e
n ~i 0)(1 ~ t (1JS:
CJi']

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

A Sti)Ydge pOI'n+- fOr :::>D\.)'{'"l('') o~ uJ3-\-{'V

(le shr(aYVts) ctouos/ etc)

3. Degassing:
fv\iJVe\1llQj1.~ Of- ~J5eS bef-(J'uV) ratVl!l~SfItlQrfo1lLJ
n~dVDSV~tVe ~ ~()I~V\le5 ~Mr~V. OLed\!l---J' ;Htv1Q)~fh.ere

C~n)6lf'- 0t6'iJltLe 1/1/lOV eC fr {l1jV[ OUJt'I
4. Chemical Energy (when is energy used and when is energy released?)

ir.{ ~Jtli'!-J{)f\ 6'{ 50bf1~cf-foh Or- /(IV) '5/ Jf0fV7S fU dilly JJve~
SLl!?5f1\1cr Ue CJVbUl 'a<J,ded 'j-fj Q [QvnPOVV1J)
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ISP203A - Global Chanqe .•
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

G\odev s- -t1+~ ':> ?hQre-
Largest Reservoir L-ovt.~e~ t-Ve'5 U d-Q Vl-L-e /Tl\ C1/fOVl Olll E6ftl1/0CC6V)

t IlIV\..t ~\?i\.tU 11-'1 ~'nfYlosp!llU-l

~ \'~ll ers - L\tlJL(l~QVt~t -
Longest Residence Time B\'3~ e~ \- . l~Ij)O'i\ \) iv\

(e-SmI0\{ 'Q '" wcJeY roVVV\ h
l\'\VWt@l[~ de. CD'/lc,\V\Lt

Which is more important for G'f'Ov[t~HO\la': Lhevv\. iCO\ :
driving processes, \) e'{\'lit-\{ cWYlCJGS

IT d~ i \ i ~Y\. I )~'o\-rD(Ai6V\
gravitational or chemical

puslit the cyeli alOVl3 oj:... _ Cb~-{\'"Om
energy?

VN(O\lS COtvlpotf\'J5

EVoV 61(6 Ha If\- 'OV\.O cLe ~ £l'O'i>U~ bot\;j

How are evaporation and
MD\(~ "'5 o~ 5tavu..es f(D \f\(\ 0 e ~eSeWo.(

degassing SIMILAR? to ~ VltW H-wusf\AJJtc.
,

\f~ 5QV \16\1( ,

ev l\~ MA( 0\'\ LIt\1~~e~ -tv\~ dQV\.~~+t bf

How are evaporation and
') 'i)\..\bstbVlU IN ~.vn) de.j2l3SV~

degassing DIFFERENT? t. \1.2VL9 es th e.. clrteVVlllol rv\'~/>(( Uf

3



ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

i~Lreb)eS ~e(ro0.e

I'S ~ /jh~r,
ihe.. wea thQYir\.9 11ft
6l\~di Or;- oin

a. How would this uplift impact the residence time of C02 in the atmosphere?
Re5idel1c;e time in the ~t-'riA.I)':'f /leV( W~\ll~ /1'lL.~\',lJ~t. s-il'lct

CO2 be t-w Ult\ -flrtQJtll1.o5f It~ V{ ? VI. d ~YdY(F~ f /t-Le Iff 'd IUJdYS stay s
bl3 \?>\)ced • l1'Ir-.s YVle0VJ5 hf!~ m..ore CDl- In +VIe O(f'dl!l sI sflftJIU S
t~e \'\II6n if\.. t~v 11r.

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

LF- Y\t\ClV" c C?J\ ctUN\ O'fi:>cMl+e CO \\ QC,\"S i\J\. +1M. o:QZVl '1 n
-S~Q,q -\CUWl -\n?lV\ ~e';,ldtV\..L~ tll/\lt~ dQ.cV€~~es 5\'(\(z'

v« iV1L H ~~d Co{!? CJ (\ 'VlplJ't d<Q.c Yell Se S (fS.·f\' 1'(l1-

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.
-... ~Kh1 0:\/(01\ IS +'dK€Vl lI\J.~ of buvt~)
4-f, 'V~v~y -,\j-\H~rU:6 tht:1tl +~e. residttLd --jiN.( /1'1
'6~ (j OfT '.! d '.1\
bt~~1( reSGn6\IG wI! eCveJSe 'S1l\C-e dill .

\HV~b<)e.~ D0~fl0l0 [vOM. +~t C>\) / [ubL rfSPVVOtI
[OW ~I(S 'fe<;. +1 Mre ()'\l e\rJ \II
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ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

5
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~:c~~~~t~o;t Change I~
~~~~~~~;i6n of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

1



ISP203A - Global Change
Cycles
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Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

Reservoirs

Processes

Residence Times

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

2. Evaporation:

3. Degassing:

4. Chemical Energy (when is energy used and when is energy released?)

2



ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

{)ce'Q "J' "''''~ t4 j'l"filJ"~ 46 (6 " <AI

Largest Reservoir a r I"t I7J,;O ~() r. I, /-~ fJ~ he (' 6

OC&4V1J ""I1J
L f'f~ OJ/ o/(j(\t

Longest Residence Time '0 j",c i@CJ

g('ev; :J-<> tl'M", I
C06v"\I'e "'" (Which is more important for

driving processes,
gravitational or chemical

energy?

(Sot\ ON (01'1'11''15 --f f 0'/11

How are evaporation and ac 110M +0 Cf-v'7 (!S(3/11'1'(
degassing SIMILAR?

T~6 J vb...rtO r1 C 6J d ;,fd, f'J

d 65"'-1J" IVJ5 dC't:<1J L..tl\-~
How are evaporation and
degassing DIFFERENT? C' cVb(m o~1 6\J a/}o let- i (l YI

de", 1.£ w,f-4 He CJ
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ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

1-.)- ""OIl}; fJv r /I'1ofo C Oz ,"11 70 } 1:7 6-

Clf-'MaJ(lh6fO, +1, oJ /Y1C('e an' lJ.5 J-+6 f&JJc!611{6

+ 1""6,
b. Significantly more C02 exists in the atmosphere since the industrial

revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,

monuments, and bricks? t Ii3 ~ ac C0"2- r c fOJ h «,\/0

(ec! -l-o hiB ~6f- ,,(. ;di n( <I,.", r"~e..r 0", r6c kr

I V7

01'/ O\gt CJ f'
r&J ,(/0(1('6'

t-'" k ,115

Ioc ('OC-fb

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

(Sy
[;.;6

t-h6

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

Thvf' /11od CO 2 WI( Iv!- .(yJd fk 1Jk.(}i;f}hf'~
.:th I~{J{JY I~ rK,Ver&!' I)~ J CO, ,I y'\. J~ ;4~SlIve,f.
Th f!1I1e;r1 COZ J/l fI.< 11)~ylwf I~r 1VrJ/A..
Co Jj' fv,hr;J )V'-k Jhl

(Jc-e",,,:'S" JYlCvt't.<:"lt) t~
V.JI.f[;,Vo\'~.• 1,\ "'-f. of-

/

[O4[ .\ "- ~ (JCeei'l!('



ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

GROUP#: b
Student 10 ~Members Present:

'f\'134244<=\~
~L\~3l{P11-0

Characteristic Water Cycle Carbon Cycle

Oc.eo..n \':)\a.D.t,'\\\~) tdl'hc69"'-"'''::'(Coz )C\-IOi) /

Reservoirs ~'2>JC:-\O\)o:\S J So\ \ Dee"", Lc~CO; ) (0,.',\107,,)

(S-\-omC\eJ ~'(O \)X'\ <\wetter ioiOrY'la.ssl$......jGt-rS. or-~I'C::t.-)

e\l~", cOf\deY)~cdic\') cley..SS~1 'ov~ 0--\) 0 ce<c-h
Processes ?rec:('i +-<",;-10,"" t:l..is~e-' (A"""LH'i " o\-. 'l*'c\-o5''i''1<'h.eS; s r, , ~~po' 'O~

5<>1?1'Mo-'non ...-e-ch""ro.-e,. r{f;PI l'l:<-'n 0". w\U\th-O-ri .....

bWex' : R~S lPc.*-e....
~s~Residence Times .,II.\' It"", " oo-\-'<-t (>W '>f'

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: _~, . 1\-J' )

S\o~e -tt>, 'o:>6le~ 0+ V:>="'-' 0o..X:.e )-\b110 1 \lve.r)~-\C.

\('\-<"0<r1<.2 r-c
Li;l"!' e<-ro~.,

Co,[03,u=I, ,,; I,
")"5)

2. Evaporation:

IN. fl~ \Yl \JJn\GYl 0. \ Iq,V \ d ~'(YI.Q.S a. 303 ..

3. Degassing:

Wnt-h VYlolec.ul es- moVe,. ,;:;. QXh i<;<; \OVJ~

4. Chemical Energy (when is energy used and when is energy released?)

'fu Q.N..,'\3~ 5?roc'w...c.ed v.J~ ~O\!d c; oJ"f

\?'(lJ~,~

~ er\Qxcy') LJ~& w~ 'oO{)OS O..:(f fo~(L
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ISP203A - Global Change
Cycles lL\
Fill out Table B to the best of your abilities. MUltiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

:lIa.e-ie.r j oCR.'41 ) ~os~

Largest Reservoir Ct,\TnoS~ o~

OC..Q~ 6G€-a....r..

Longest Residence Time

C)\O-\J \ \--cd-\o"'oJ CNxv11 ccJ
Which is more important for

Lloefu) (\?o~)driving processes,
gravitational or chemical

energy?

\N.'!) lJo\Y) e.,n\]O\0 e. MO\ecv.l-E'\;

How are evaporation and MD\J\ n S
degassing SIMILAR?

e\lo..v~ Ie, fY" DIe co\€.S chCJ/'j I h~

How are evaporation and
'O-\--eJ-t

degassing DIFFERENT?
p...,ole co\e~

t

ci..Q:)ClSS i Y1 0; ~S MO'J\~
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ISP203A - Global Change , ,
Cycles \~
Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

"n l,0ou\d le03~e.", dv€.. -\-0 ~o",e, Ccu-\;=D

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

2. Describe a situation where the size ofareservoir in the carbon cycle is changed and
how this impacts the residence lime of C02 throu"ghout the entire Earth system.

c.~ 5 ~~';'j O~ ~~ \h -\--1--...L a..a--c.J.-e.­
(~~~~) ~s ~u~ O"~

e.JLe..~ (CX.A~"e..-:r-. J ~C>s~ h.Lv-e
l

e.k"c. j

e-ra...k:Jve

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

'1::A- ~ ~
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ISP203A - Global Change
Oycles "'P~ 15
Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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ISP203A - Global Change
Cycles

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

\"'1
GROUP#: \S
Student IDs of Members Present:
A'-\\o~\,\~o . OS' i&¢i5

Characteristic Water Cycle Carbon Cycle

OC~"'''', ~(b.-li'UC,1 \"''<.e5' r I\-\-rAO-OS\l?h I ute"' .... ." >", IJWI \

Reservoirs :> -\-N~ V"\ s, C\u,"c\s L-; -hwspw ~ I \, M"t "5"fz, ,f\ 't

G v,~( ,,'\. ,'",\ (",,01 t VI5 ~-\-''0''1 I dQ'fc(J"~')11 hvr;--"', o('~'\
Processes

.. ,
Perlit' I 1vctl1JY'1 a,scn. "'''5 •I 1 c IZI", e!'o !t><j,p',("'" C;, Sl:w
C;ob ','Nl",+,o'\ '" 'f" f-nA h( .:. c IV,", ...... A 1M:,~, .f1\!1.:l

I. Ovvtr V'! ,;de"'l I -\.~"'t I
5aw.! ,Residence Times IItN'v "I1"'l""., J «c: Iv.k(

7u'\ I'iJ &:; lVb ~ r: " 12-1"., ,;vol

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

.J,,

'5iu{~7( el= Ci. ct' r~ ~ II

IrJ'I.w IOv{-RlovJ

2. Evaporation:

1'4 vlc\

-1v" ,")

3. Degassing:

\ ~ (N~ ~(j-( o-\~V'>

<s-».

4. Chemical Energy (when is energy used and when is energy released?)

\~ ,ft (~tl)'€A \1\.i\''1..-Y\ \) .'ntl S ~1i\ IV'/) c\ o"rJ
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ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

( -, "
Largest Reservoir

l.:;.p...~~ <l.. \t ~ ';,"'""

Ol~<;

Longest Residence Time H-t' \'.f •
1,; h-'\lI1t'l~

Which is more important for
L '/I'i~;-l(-\ \driving processes, c;{l<\J'tI-«, t-,1.....'" \

gravitational or chemical ,
energy?

How are evaporation and Tl"\ tV't \Or "" ~:v:, W C\"~M ,l",t
degassing SIMILAR?

L""I pi) i";":\-''''-. c* s,~""'"1",<; .

(' v~{lv, .

How are evaporation and
degassing DIFFERENT?
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ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products niake their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

1l\(,ct'ti.4'L ~(\,(}.A. e\,a-a\"(),,,,-
'f ~'V w "''' cr: 0; "",p(-(l .•

i l>G<Ide ;reS~-~~v'L -\. - 6tL

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

; "'(vf"4~,, )f l <"~5Z_ ..,~

1"1, Y'I' (;):c. • \ C\C4q~

M .,,~-(\ -f\,j~

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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ISP203A - Global Change
Cycles

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

\lg
GROUP #: \ /11
Student IDs ot+'Members Present:
HllD9'TL[lCl[1
A431l\-S,u>1oz..

A?;jILF( 'fc; 0'3

Characteristic Water Cycle Carbon Cycle

lX.~G\I, <j\,KltrS ,18i\(~$J d<MO-W"'-'e. LCoL , llli~ DCe"'1$
(Ue (03 ,[0",1-1 lo~ " b,."" '''Ss

Reservoirs 01xCClmS CIGud) (atl\'1o'i'\~il (Sui!,oJ, Jo'3"""'c C", bOA) l,:t03p~
,'.:\((k\r\rll (l'dc( (Sn,11 (A,MR.'''N2. 'CaCOJ ,LooJ, o ,9"")
\.\j'&~\Jl'd\lal\ ,t~(1t1{"s(,<\'on, ~5S,n~ -\JJIIJl CLt~n'1\(\d

Processes W \ -\ ~'~~~ -\V
4OI

I"
~1'.ll\ l(Vto1JoS~Y\tIA..O-)\'S I ;( sp' rew{;(O,j,\

' Cl'~' '" '01\ CI?'U'ilClI Q,
vhl;"",J,,\,A , \r\~, ·1{a,IIon Hhflf'R) lv"M\Au, ",
\oWef ('l))D e~fC. l ,('{\Q.. j \ Oof::rLr 1'0 0 «. ()(~ 1W-- S CVYIJ--

Residence Times OJ'VlOJf\+ cf UlW e/,/") (esuF)I (S,
I ~ ~cY' ""'-J OOt\'I,uJ ~p

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

CA- ~IC\.(( WV\Q.lt vJ(',L\cr ,5 sio/('d

2. Evaporation:

4. Chemical Energy (when is energy used and when is energy released?)

:te- ~Q...'-'()--\ \AD-ZO -\0 \y~)L ~~

\2-~Q--C\....Jl.Q,,:;:J 'v v£? ......Q..-y- b-o'-,--.o~ Ci...-v t'-D---Vh'J:> ",0
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ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

ol~a~" - Dle.OeVl .>

Largest Reservoir

Ou-c<"1 \ \~i.r)o5pli'-'fL

Longest Residence Time

~rC\ ~(t<tf"OI\cv{ (j~~ICo..-L VJ

Which is more important for
p--' ,Q 0 ~ VV<"Lt-e.-- IA-v--f''''~+ \:,-<? Ca..-<.<..:~

driving processes, ~ o---v'..Q CCLA~ ~
gravitational or chemical ~.~ 1;-0

P-o ~-
~.

energy? ~ ~'<+- ~CLif\.'~~p aJh.b
~~C>
VI-- ~-t

~~~~-t-

tGJ bC(\ ~(O'f.l(!t CA.y\~ woXC( tV\.+cJ

How are evaporation and N"V\O~V\M,fv

degassing SIMILAR?

(\<>-,,-0" IS rMv
LtCI UI d to jeL)

e; vJ'~-f(L"5Pb[cvtl (1) ry'()fY1

How are evaporation and J-e9QtSSlfl'j - Clubb" ,5 90 J ,11 0uf1tJ I 'I Dec""!

degassing DIFFERENT?
lJ.ttO 0.1 iYlasp loQ.' to
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ISP203A - Global Change
Cycles

,\)
Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

II- ~Jd cU.A./!j!.P...A-f' !.xA:..a--t--C,/.!-1'

~;tOVJ evn.d au.-!~ ,h/livJt!'~/ spu_e>/ tp

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

/~ lvea.r~u~ d{A.P Iv

~a--/--LO-r-- (;J a..CuJ ~' £4-6

~ ;;) -e_~pt)s-'i!'c1 /(oC-!c)

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

~~-L-?c5 ftu; ~;;e c;j ex .e&-7?~S~ ~
~l-/veu---" ~ ~ CiL-b'Le~ ~~

dt~t./i? t/'Z,~1 a.Lfl
O~ ~VI9-UvJ

./LM-c~'

vnvu'CUUJ dJ
3. Describe a situation where the residence time for a reservoir in the carbon cycle is

changed and how this impacts the residence time of C02 throughout the entire
Earth system. ,

.~ -r~~ -JY dJ.A.'jU}a..4--(S ~£C7'!'O

--fvryu ~ jyUTn~-:JD - tA"1O>-e.~ !~
• _,I-, O-.·LP·. " A /1 " .A fZ,-l vtu.M ..L1~,(..~C.,l-" ()(.,(J tI&
~ / "0 Tf/\-«,""" '" G.·f_.•.-'~

{;t -rr: 7.-0~p-tLA./lJ evncI 0~
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ISP203A - Global Change
Cycles \7
Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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ISP203A - Global Change
Cycles .,

',.'

GROUP#: \l
Student IDs of Members Present:

Al{1S~-nbl

A~n2lbiO

Part 1: Class Work
Consider the similarities between the
Table A Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

Ou:..y (,lc.l(cl
l
l(j,~-e\ she~I'(, Ah,f.,'I. ((JJ~ cr~J U.ltl~~tr~I.I-<'(

Reservoirs o-~l"C>f~cr~I ~IO~'t~e{ UJ l-I"'h ace;;r.fUt~)l-orQ

f. ~ 1" ~i'ol ~~",,,,\W\fI"l1,.i~"" i'll"1 ~U"":> !,,1rM/ a~ q-Gri w«,yj,Of'.....I,..'if?: ~ '...", '
Processes o\,z~{'''1 ~w,l~"', ,*'h<M1f' hW"W'S f'\Iv~'" ce"'etv~

4wtf i ~(d-lAl<e ~)'#J~ PIft-iI) \"-,,,L \1-e-S'i;JVr'<
Residence Times

c..PWi'l\\r f1II (-e,~ur(

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: 4 ~eS"exVq(r 1"(, 0. ~ "'~~1 Qf- NG,Ir<:-1'1 (.w" be Ci.Iv,Jkfly hq.... "'V' Ot!A~ -10 Wer,,,

u},"""rb-t,

4. Chemical Energy (when is energy used and when is energy released?)

f c..!J- ~t o..~(fH ()'\ f'qve': S r1wJ U\.I, fR telEPlseO- ~'f CI0' It I-I jC\(dfci~

2



ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

Dc-I6."S CO2
Largest Reservoir

6cd'''S (P,;, flt H",1J('ffi'I\

G/""jor( (.c,l~...W\ (.Gi~~
Longest Residence Time

, rwilvHW.Ii I {~q~l
Which is more important for

driving processes,
gravitational or chemical

energy?

rke,! bdH fnl/dlV{l !(?\¥'ds ~J

How are evaporation and 0as;~ ho.rS0-0h'Ov\ S
degassing SIMILAR?

~~,>fhJ rwk<% "J v.S-eS ~"'+ OV klj,,,,~

hI,).- ~'lJQ\,fff(4rlOV'
....< W7'kr ~J ((lUI'.) ih~¢How are evaporation and ) J

degassing DIFFERENT?
0~j

3



ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

\k 'f'esd,'ii)\G~ HMt [,JQwlJ J1,cl~ b-<c"",~j{e'"t. r~ tylo(-(; CGA~y\·

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

f'lr~ CO).. Wowl~ (YlCft!A~ Weo-.t\-.ei"~

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

~Gt{ {c:, j.e'Ss C6,i\xJY\ ]Y> r~ oJ'iWSfk-(o{. l'k"'j (IlL~'5fNJ r/v<..

C",j \an {'r. l-h-<- ~1\'

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

CG'ci b~YI- 1~ oJfe.ol--ed (h r~ ~ eJtcs
Q'lll 0r!vZ.( {'~S e~~ al( ,>,

4
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ISP203A - Global Change
Cycles ~"~

Objectives *1Ot""'~
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

1
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ISP203A - Global Change
Cycles

GROUP#:\II
Student IDs~f embers Present:
~....,,, -- Al(10$O(,O/

~(. f,Vy -- ~~lltltZ'15

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

O(eo,'" {,dcS 5+r-e'-'tAS A\1"l>$I'\<.-~e.(~O,,- J ((.( 'l) oceo-s
Reservoirs ' ' , (CC'(6'3, ~ I-Ico $ ...') b.DI"-"-Sjclo •..Js (M('-'L()"4"'l b",-",J (v,.Ic,

(0,,,,,', ') ,.. (S"<f'5 O'i~~,{, c. \

Processes
[va.l'0<o..f.""" {tw!asv-<.tM, 1'«,r.lo "" j)e\iICos'''jJ bur, <t.~ O(e., l

el,se J..v<'\i'-I '5vD l'~""'" r".f, ,4lClA '0\ (I( Wlf) It'''i''''fj....--IV<.S, S, «:Sf'("'+o~, ....e.
k"l-\a.( ·Ii\,.,r,,",!<t -Ynr£,,{ f,,,,1<'

Locue-r \e.S,,(o....:.e -h lA"-. {o,"".
~.o..e. ¢- LeSS ~t.. So-~"e.

Residence Times Q-l-'O"....k 1M cU"-"'--'Y l "'-~.
~vo,'(": r"flb.>-> ~ e .MiI,,,,,

nOW)'}

/C~ f-!- \VI. S-l~

CL(,c\ 'Z iJ-K_),t 1/ ha+e~-r \ 'S

ev-d h.oS \'QS' ~ (",co( f,~ :

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on,
1. Reservoirs:

(>l$ ~i) \ '/\. " .\1\- c"

Slotv'; doi.>J"'-

3. Degassing:

{Z€.v--< D \I (J

4. Chemical Energy (when is energy used and when is energy released?)

{\el1l.'l<.l.\ CII'-"~C~ , ";,

tl ~ -to<: 1"'-~ -t~y,.

t {.,tl'-i 0'''-J~ • < v s--e ~.

2



ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

s

Feature Water Cycle Carbon Cycle

(jU:.tIA t /1"" ..5{o.--e;

Largest Reservoir

()(-eJ\'"" L I fW1..$ fOlt?-

Longest Residence Time Clo.(.l«-rS

Al\ uY -t/Q., ev-M'61j .s e~-e->M «;o, ,
Which is more important for 61' '* iLtL'V1"'4 \driving processes, 1 Y'Ct€ !.. 'c>l') 'II-"(>01 r"",

gravitational or chemical be s-.. w'.\." out Cftr'-'-(It...J
energy? f«r-l: ~ 8102.FjV -t~

'M:> fLL ('dCI"- )S BfO~-.eV'

!"'- bD~~~ fco<.,,-'oS<- ~ L\..0.te\\ (Mod ~olo

W'- V:Jt\"j Vv'f)~ \\f\fD flo..- Ml-\OSflert-
How are evaporation and

degassing SIMILAR?

T~ o-e C>Pfb'&l \-z bVJL t lA-ileA~ 1t-JV.1N

~O-fSR-S f'lot"- CI. llt'(V'J, l,vk, \u<. +b- enM C[,w>I

How are evaporation and
I'" k CA-1C!--S,degassing DIFFERENT? CA ['iV' ~
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ISP203A _ Global Chang:' ,\"I J
Cycles ,'Q
Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

lv-e-l'-tu1\.\\j .\\!,-\ CurblX' ev,l\ ~ 00Je \+5 ~Q1 \\'IfD ~V~{

h,..", tD 4-~ (A.,( Vvk\~ ,-I:: Vlould. ftJ--<.V-\Y) c\. 1'~\.;,"be--v-
'O( G. o,'vc, \--e..

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks? -+ -h. A-+ /L f'Ac-re.

H IS \I J'b+ C\..Jcl.d CO?. b z;. f-.tdSf' 'Ii-
ell' 6 (0.' v-; r;.,...e. N-~ ~ \'6he-- t'{,eS \\f\. -t& A-h"c>SI'krt.--

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

fk- !'es,evce.><J d -rb- I, 1kDS p~~ \I.--t (\l'toUd gtl -ra ~'--
Qfl- y\c-ce.. l"04ClLCi\c:, H(~ 1~;J-()('-Q...- ,~ -tu-'- G-.e>"-r"~ ~

\. """ ""u "'-~S CIJ-L. -Iv- C>{\.\'"1 1't-> ,'-:; -If.ur\ vu, 'II ~~veu»' 'l"- J J

, I; )k \lV'1I Se1'ou~L'1 \lA(v,·tGv~ tl-L I,pe--el 'lit U h'el--.

4-l.b,,~ Iovl r-, •

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

4



ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

5



ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. QE§Iy.!i~!i~mal e,nergy, 1tJi!LI1J.~Le.!lll.!9Y and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in eguilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to ~gujljb,illw

4. Ene~ is needed to break bonds and is released when bonds form.
5. ~g:!Rewty~ is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7.._~causes materials to rise or fall due to the relative density of materials.
8. ~.9!;J.~.JW..g can accelerate, decelerate, or dampen change.

PART 1: Background Notes

1



ISP203A - Global Change

~
YcleS '",
~, ",1

~pJilli
. ~(/';JP

<~~~~?:':>"

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

GROUP#: 11
Student IDs of Members Present:
II' I") '" <:: ':iCq <:: ,;;I""l-- ~"- ..... Ii t"", a

/jqO~1UOO

NIOl"1'12=J5

Characteristic Water Cycle Carbon Cycle

WI-IV'" l,j/},tfL 1£ 'S-rort-co WHaIL~ VO,/..~OAI IS S'""TtM-.., G""O

Reservoirs - t,~<'ll;': t:·i,. . 'G'·,(..i:?~,''' .. ,.Pi;;:;' "'l1y;N,~.)~4~Aij1l.~- (C':I ",CI..-I,t.,)
- OC ~:\'S ~.,;:," < 1\Cl, 'O(A5,'N~r{(I'c.Ol, "o"J1(O,),\. l'f;,.; t,'t1,.. ~,'f" -&1 ~\I:'.\t,) J~"., ..vv"Jn >\..",,/':1"': r-,,,,r:.P"-.J1( ,r,r;./:.LorJ

-tvj),IJCNlJd-rr CJN . COJJ'CA!"JJ4j-n 0"'-,,)- ~i2:S:rAJG, \~)'_J!? /, ~- .
Processes -Tn nJN\(~'\!CI"f:.!{er-'\'J. a(;"(..,1" ~I(..(' t:..... °Crc''/'A.J /Ie I,{/I!~l(--v 'r/()~•

" () IS ';:''''l<l-{~_.(,,-l;" Sc-oS Ld "'A../)

(,' .; 7_ r-sPi 7[0--::.'. -t t r);...) ~--'f/!()-T/)5J'//r(~::"''':t.c

- LOUiYH, (t-JtJ'- I ':', (7 (\-"'4 <,:,,_~Arr C)t~ !'b,: 0",- G"" TI·'C(1-'>..
" C "..;- .;:-

Residence Times WI'J'ToYt
-0f'_~. ~ INT- feCP....) .Pvtn.o.rra ~{l .....1 s;;\/-./,:~_

,

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:"J '.)!~.-~C:---.<._ c: ---/~:-(.' C.-.

2. Evaporation: / .. i. , , i

/.» () t. '.- ( 'J '_ ,;:,~, J

3. Degassing:', , ' . /'

4. Chemical Energy (when is energy used and when is energy released?)
r fld I'I/C

, e,J',' ') n·:, /~!J-

~)

2



ISP203A - Global Change
Cycles /1
Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

OCC:ANS (0:- '/"J\ 0 _s,p c-i
/

7 \
t~,~ /2' e , /.

L l~vOSeV1 L')Y[~ 8 ---
Largest Reservoir Covs'Z r"03-r o~

/1/18- i;A~-n'1,

S~b'I

I I
!jJF '- O'-J 0/5. o Vii-::- t. O\....J. II.) F (, .Ol.-rJ i/S 6\JlPcctJ
1/)'; '."-'-/'\

/:;- 6'\Y ,<,1.- o-\.. J ~/".
Longest Residence Time ~ ~'- ( 'o~ r-J ( r~

-. f'" P. /f'
:. ,~. J

-- ~--------------
/' rj<(j(/[ju r,.'{) L~jll-/l5YC ~·-"'-OC_J~-S...

[7 !:::'Q ',J/]- L L_~1
C;I? .0 V)-(~1-7! 6~(<'"

Which is important for
/v PC)v1_.,-----r/2.A...Tl".

OU(/':::':"':. ..-'.S es CjA~/-Jmore
driving processes, G ~ (5i/rfP6,w--~rr ()/J, f.,"-J (' (1 ';;':I! O....J Is. 10o-r O~'\/Cf",'AC

gravitational or chemical ~;7r1'_ec I ,;/ '-r-A ·-r! C/AJ r .;;.-,..., /---"VI, IJ._)~: __ , . r
energy? ,0

'" (0 N'OIC/Js/J-n c)/v J,~ (~//,(\:/\,/S' ~ A} ~-, . ,

iiJ- c.: , ,~ iT~'-;-! O./'J

(~-,;<l5 '~~.:? !,J <"">---",f'"F \/ A::iJ ()l',/.}---rr rJ,A--.-! r--r e-. .....;;. ( .,
(' /

<?- t: .S'')f'.-/ /JG ,/...r-o -T'/~(>I-j,t1 I I" ~r"'-:/',-j .'

f". T/'-'" 6$ 'YI_/~"

How are evaporation and /./ /-·r 1:.0 1--/:0/('; (~".//::«'" <_ ...:.,~ ",1

degassing SIMILAR? I
7;C f"

"",:-

(---{yf. ..: ~)p:.j~'::-::: S. 1(\JC-

-r
,'()/j

_
r(/v" re· < I

/~/';'; -r
I: i/ .~:-

(',..,It:. "-r: 'o' .: , /
J P_::-' -: II':

~)'O 7 ),,'
How are evaporation and
degassing DIFFERENT? "

i/ J(, ,I )() c;,->I:: - /..Jr_::';
/ fA:. .: ",

'._-" I " -
- -
"

/"," '-; -
"

",. ,,' J<
,-"',-' -
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ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

/-J; '. () '_~J

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

4



ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

5



ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

1
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ISP203A - Global Change
Cycles

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

,--------------, ','

GROUP#: so
Student IDs of Members Present:
At...\IC\\'bOJO !\;l1;,;,n t5;-
MI%O$05

Characteristic Water Cycle Carbon Cycle

,~J3.tatI{I')I IClh')/~eo..~~ i ,y,},,''-'1' .... e (Co" :1'cH...)J.'~ /

Reservoirs C\cua'J/(i.~r<r(..Jg~~ o», l-ICq,.. )(I~~\6~~ OJ

;11 \ z, 1I\ore.5-b1e. - CP-CO'/

Processes
e'l'o.rxro..-ni)')' J ~C\,-hOt"l~ I ~)0€8ds~~ \,u.n~~ cUclY' Q,eidi\i
0e?-'r~~o.111X'J Ol$-ror~e.)::;AD ,MIdi 1<» pM6 I1h~1 /'a>plG>"h<'l\J
\Ii{, +r~i(\'\ (s;L\;~I\'7) -I4'oS\SO;<0..11'0() 1/ \,UeUthoj)Vh orya:\h~
Wt( V'\-r~ \~I(' o..W\rMN-~ (Y"CIe o~e~ ~J5~

Residence Times NO.'er "n co'PY~;y

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

~(,5/h,lds Cln e~vY\erl4; 'J~o--If'r Ih r~ vJa+er eye &c

2, Evaporation:

0u~7 \\tt~\u\ wo...\.er -Ie- C;;'OS llS\~ i-nefl'Y'O,\ ~rif(JY

3. Degassing:

gtS leoml'B I iZllAid.5

4. Chemical Energy (when is energy used and when is energy released?)

2



ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

~. "I, .,.' :. \ ) J,

\Ib'i~Largest Reservoir ,
, .."

Longest Residence Time syatrtIOJ:t-ler IahJ~\1ue.--

Which is more important for
9rO-.~ ~Zr(}J C~YYlI(cddriving processes,

gravitational or chemical
energy?

In tb-rn ~\faftrtt+(cn and defFS'ry
How are evaporation and ~o..') IS rdEOred ora bard;) cxr~

degassing SIMILAR? (o!her, XJ.f~ tn?J~~,

tvoQorcrhOn \~ C~~1n8 frtstJ£.~

How are evaporation and
Im\.ef X(Q(Y') \ IC(,\,\iQ -b (] G\~J

~0--\-) ~j:bl~ b (e\.e:ls~ Ct~degassing DIFFERENT?

~@'V\ e, \ rC(.,u \ I

3



ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

/+ \}\fiUl~ IhC(t'tl~ *- (e8fdtr.te..}~. r\,lit~~( rex-VJy~p~
fn1'(~ COJ- m-\~ a1~p\"Qfe l~h\J l)t.r~ ~(e5~~ h~.

I

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

111£ 6dded to a VJoVld Inre£l~ ~wea#rn"9 rok..~ (ec Ihs I

Weo--\NX1~ praW-.-~ fY'd'e CO~ VJhlch f~j rrz;y-f'
~(1~~nY3 ,1110 15 C\ p:J:> JNe ~eeJ};v.c1't1

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

4



ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

5
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

--'<Ubu:~'kLi~~d.b.LhQPP" ~...:>

.ll,.,k,.,.cl>animL"'odu.....u,,_'"t1!J~ /.a",I,"'l¢l<""'QLb,~,\;..I.,J'Q"" ""':J~'

1



ISP203A - Global Change
Cycles

/ "~;,,
':,

.'

GROUP #:2-)
Student IDs QfMembers Present:
A"I"l5~512.- } (\4;1).7/052-
fl L( .?1"Y..J~1 \
A-o.j;tOs~4--;;' \

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

OC~QO~I ~IQ('iC\' 1((., f't"hwQln, A\m«:lp\'ltlc. {<;:oz. f. mdhor)(J I OUCln~ (G:i~

Reservoirs o.\~hc't t 3lOUlndUlJOltt, (,io;>pht.( ~ COt. ... HCO,)-) I 'hi'(l':)pjllHe. CbioMa:o),

'ilh<ooh",- (CoCO.·. huJ,o(Q,bn,)

Processes
E\lQPO'Q~ion I conJrn,:ltQ4ion,. p'U;pi ksjtoo \Neal""'":)' dc3=1~' e,•• ion,

J'iXha'jt.1 ~~~Iirno.\ior), tl"l.(" »ta~ ion, di7:l0'u'i on I bui 0. I pho~~~ flfhc:)i=,
I'Qn~ ,

,Dc.lto~c. .fc::J,·dence Jlme.

Residence Times
Alf" flu. or wolrt,

S/mileu Ii:;:)ic:\tnu ~im~

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

AcornPCl,Mn+ 0:.1" ~"'; c.lilYl4k ,~~~cm whieh ho, fhc t'oPQC'I·tj to ':1'10"1 Q.ccurnul"h 1 or re.ltaot Q "ub"lona 01 conctln.

2. Evaporation:

rr. pl."O) 01 • Ii '1-";d ",nYu Ii", to • ,.:><.", :>laic; VaPO';'lQ~'on.

3. Degassing:

Th'Ie"'o,.' 01 d_'V<cl j""'" f'om 1'l."'<6,<:>p<c;oll, wall' o~ q'tu",u" ",,1..1i01l::>.

4. Chemical Energy (when is energy used and when is energy released?)

- [""j~ ;, ''/'0'' d d.'in" f~,.fofrn"lion o( ch,micol boda.

- E""'j~ b 'C<II,i',J 10 ~'(Qt ,1>:""'0 ( ""rd..
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ISP203A - Global Change
Cycles

i
Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

Largest Reservoir '. " ,OCC,Q'I"U
, ' . L:lho~ph,,<...

'. ' ,
,

",",_ •• I • " ~

Longest Residence Time Octaf');) l :t-ho""phcre.

" "

6'lhll'}ol.ona I onJ ch,ml'COI C.hLrnl'ud (cct.dio(J:;> chaf1~c;)

Which is more important for tOCl9~ Of' ~oih l'ropor'Qnfi",
th, ";)u6~fqncc io which

drivlnq processes, car bon ..a r<,.",J. (;'0"; 1oliona I
gravitational or chemical th, h,I'.''':J;ce~th.

<nc'3~ i~ j"'I."j",,1 ..~ the.energy?
6,o.v;lo~ 10"(41 enCl31 c,c",,,;)(:;) -J.h,

h.....;,,1 ot Ql,bon.
flu" of VJ"k1o.mo~~i It.:ICI'\loll:>.

E~.p.,.lion.nd d,:!•.",,"'} both .nvol« Ih, inJroduclion

How are evaporation and
o~ ~Q"fo('o maUer into 0. reXfvolr.

degassing SIMILAR?

f'Jopo,b'f,'on' k H{vop", '?-olion 01 0 Iiq,,,;J :>ahb"",", ",,1-c«Q

How are evaporation and
cl,~.""i., i, tk 'e/co..><. of a 90':>,

degassing DIFFERENT?
'-
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ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

CO,T H,O~H~CO./H«O.+(",(JJ~ _G,(l-IC.O.)e,

Co.,bon .. e a,od found nalu'Q"~ in PI<cip ..h.~ion wroth", th /"00' L
J t: 'T ,p"", to'''' al'ld bio:lIbo""k (ok" the

hjA'co>pht,(. film! """~ ,tA rbon ""tm-II-< .t",.::>"",-".
b. Significantly more C02 exists in the atmosphere since the industrial

revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

fVlOH (J)2 in lh, ahno,,,hn< cnh>oc<.> I' "."_L,, ,",,', fV\ "J
rK l.J u.Qt.... 'fT. ore. (Q,bon d'OVI L abo ,'mpll't,:)

IQ'~" 'j"","I;lio o~ (o,boo/c .,,'c!.

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

3, Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

Co.bon ZC<tw"hQ\ion;:> o ,\;Iicol rnd:Qn~ of Cho~i"':l the. "\)'.n~;\~ 01 'O(~... , ...th.
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ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

5
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ISP203A - Global Change
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Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

GROUP#:-""Student IDs 0 Members Present:

~~=~ NiIl2HBY8
A3"l&k 0[

,
/'

Characteristic

Reservoirs

Residence Times

Water Cycle Carbon Cycle

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1'~QCe/'-h)() ~l~~~
l+ t~ ~ aLI) 0' CO2

2. Evaporation:

~Vl0\~ \(fu~ ct:kY\~~ bgV'J
~ \n~ +C('tY') ~ cub0c£2)

4. Chemical Energy (when is energy used and when is energy released?)

\JfJ0 Qj\Q/t()0~ --\C6 «. O&(\~
=t.rOJJ~~ J Qr~~iJ \'S Ob~ /fQ}&r\
~'as '('{'VJ(jV ~ ~\ <::L \~~
uJr'~ ~Jj) Ov~



ISP203A - Global 'Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
a Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

1



ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

Largest Reservoir

Longest Residence Time

Which is more important for
driving processes,

gravitational or chemical
energy?

How are evaporation and
degassing SIMILAR?

{;V1'or~..:;f)O (I 1 ~ 01 / IIjIfi ,d ~s
10 ()'\. 'J 45 . VV\d le8ttJ '5l;15 i:5

How are evaporation and
w\Al ~ fiWIohl ;/- ~CtJ'bPSdegassing DIFFERENT?

JrofV' (i\ \\'V"~.

3



ISP203A - Global Change
Cycles

Questions

tl-q~5143'1
A-~ ~Jq~61
r+ 376f:,q717
A- Lf n'd- q 31.J6

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

~~ ~('V\5G~~~
~ ""'. cQ Q,;;j lillkt~~~
r~~m~\t~h~r~h~st~+~YKVVlMj

revolution and the widespread use of fossil fuels. What has been the impact ~~
of this added C02 on the weathering rate of rocks found in mountains,

1fum~k~~~.~~~~
,9f YCO\Q) ~~ves ~CVG--{()~W/~~
"tV~~~ W oQev- W~6=:tr3-+4iJ)
~\..,~ m\rQ)('~~ +0~~ ;;(..~J.

2. Describe a situation where the size of a reservoir In the carbon cycle is changed d L-b-

~: ;,;mp"~(~Jf~~'(I~~J

~~ O--CG~ ~~ ~ \f\S5v~~~
~ OL\ dv '4~ W'\AcJ\ -Q~ ~
~~

3. Describe.a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire

~~ste~~ LWuIct~) CU\~
cJ2 ~\0 'f;e;~ cJX'\9.Xj ·W\9..; ~~C9v
fx«&J ~<o Ov~ _ \.9)(\~~\ ~+~
e:t-. Ot~ ~cJL<L bL CJ~
~ O~, 'U
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a systern to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher ternperature

means rnolecules are moving faster.
6. When molecules rnove faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes rnaterials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

1



GROUP#: ~y
Student IDs of Members Present:

Ii3975215.)
1\ 3'\,-{7~cz,05
Au)/l'O 1/0 .

.<' ,,;ft..-.: ,;
~';... .., f '-,y'

ISP203A - Global Change
Cycles '-", r·,

J' .

{

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

f

Characteristic
rvlOtn7 l-<>rM 5

Water Cycle Carbon Cycle

OUliv\ ( e;, f:P 0-tM (CA>'), I {- H'i')
Reservoirs ( r

<?c.eo-, (u..C03 ((".D')- t ItW~)Jrll<-'o~ I e-ic , ..
hMe5.to'lll-

Processes
.f1...,{e-5 . e- 1r0 (l-r o-f , ,, ~ dJ-54:ffli r SIJI '(cd
I\Afl~w I e"..J (. , " ()&.!h t?c, r P~VfoJ)IP"

h rrnG(; I?f\ t'lMt 10
Residence Times

['Q5o V OI ,

I')7 (.>(V4C fly
<4- c.ov: h~ f\

1 r.J(o(,\I(V'"tffo.,,) ~ ~\
Part 2: Group Work /
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

Pi (tCiU

2. Evaporation:

()~

3. Degassing:

LY~ ~O} Mdt! -r;Of</l 1hL () C£ cc-;

t: f'YV- 0 f fV' v51,a~re...
4. Chemical Energy (when is energy used and when is energy released?)

w!r&-n bQ~~) (}Lr{ ~r.rc?0

100 fl ris I?l rt: .r:;r I"u- oJ

2
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ISP203A - Global ChanIJe>
Cycles ' ..,,,,~\

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

J(01 C1er; (7Jv«j
Largest Reservoir

Longest Residence Time CJUuulf
JC(~

Which is more important for 9(Zt Vr-!17l+ I,n q ( ~tVt <« (
driving processes,

gravitational or chemical
energy?

~J1A e. vo (r/e.- j Q '2R f ~('
How are evaporation and f~(eC{ 'iR~ (rt+__ ~ Qfvv1degassing SIMILAR?

(2 v-«for<ct(.n C({,,, 'iR) vv",-\ef til c,h'Y
q::;;L S+C({.eS-

How are evaporation and LJIll 5"f' / /'1~ ve.f tOt b, rrAt5
degassing DIFFERENT? ~ /

lJ t 50" t (/kCi/t ry ~:95
S-+<>. -\L.J
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Cycles'

Questions

t£if (0{ cL. <M rp- I II Ie- ""p.
+J C.FC?ic,Kf( (oe--rtCl!ly

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

fl-,/> W· ... (~ fr,c.rt'1)a- rMjrl)"i'(lJ( vl!-..cl lflc..rect).eJ

ft'ii JJ ",.f Vi) 'L (I) 'r7 od (l-o .fkerc fVr€.- cI..t- C~ c<)(/ ff9

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

CCl~U5

vJe. Cj n; I]) rjY,
2. Describe a situation where the size of a reservoir in the carbon cycle is changed and

how this impacts the residence time of C02 throughout the entire Earth system.

(V70re-- ~5'51( &{,
0v- Cli~ ~ """+ "F
Mct't~s.e5 (N..

(~ e.-re'ti.e5

0),1-('1. fLo .f

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

I-f. 'b--e 'N.5iJ.enoe. {;Y rWL
Is If1 e-reo-s-ed.} tr<.r'\ tN.

ill ~ "'f:..,),vIJ;;I:>p~rt
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ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

5



ISP203A - Global Change
Cycles

......"''''..Objectives ,.
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

1
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GROUP#:
Student IDs of Members Present:

/I ~O~ 03QCit

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

vcton Ifik.eA 9Icu,.e,.~ S'beam<:, Ootmosf'''-''M (CO%, ",,<.-i', "'-...e (.ff.,I' ,I ;J

Reservoirs cloudS (in a rn., o~Phc.u) If}tbun4(... O""",S «aId"", Cet",,- autos -. CDf:
' J.

UJCt.#~, b"cmasJ (sugar/ orgtil'J/c. CA-f'b 9# .

I!..vc<pvr", ti...... , !ltiS, flUlPI t"'hDf 0I'[)(;55'"fI j bud..J i OCRM "'cielijit<
Processes di>t.ha t"9'JJUbHm~til'J1/ "'in{dfre,li~ pAofo'y" thv;I'f/...p;""f>'A! ""fabo/I

trt'Lu,./u·'i,rQi'J fr~l)sff7rQfiFl1. w£Ctf-~_r"'nf?' ("l4m~m: -6"rn"I)L},h.s

!ow£r- R.t, low..(!f? wa.fer in r~rlFo;1l..
~

Residence Times InUlRC4¥- inflr:)t,v.t.0t.dF1tI".,J t:Jf...W'LLtt4.t,' Th e ."''''' ~ as W4kA.. cflde
ri,

Idhos{'A..uc
( I.',"un. j9n~

ULC03)
CC6'. o~'lj 94S

1$;,.",

'" .I

I(~)

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

, d' ({ b' ,," - /, '~.A--uCf !v"hil? '}2. Evaporation: In IV mO ec:a bOl/d' 1R""C. r : tr t1'

3. Degassing: w~l!..n (01.- So-&,>~ oe.e.:u... -h. Clfmosf!wl.e..

4. Chemical Energy (when is energy used and when is energy released?)

ote3"5S1'n~ - 000Ut- *' afmosf{"fo(' ­

~t{y - 1u.J:ft;v,.< ( 0' t.



ISP203A - Global Change
Cycles 'if.;/f/l't"

. ,: y~~,;, "'"

.r..""'~'

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

I....

Feature Water Cycle Carbon Cycle

. !
o<-<a", !C< frn os(> hue.

Largest Reservoir h/OSp IuN-

i{jhICM Pi as ""0 '" a '!/infj O/'- d.£c<d )
c,,< r h m" oR.- ff:Jdc •

Longest Residence Time

Which is more important for
grt:<vt!cd)'/JVIc; I ch em /cal '11.£ t;J(I.

driving processes,
lnH(jU'

gravitational or chemical
energy?

EVllrom f;.n. nCis /-odo <.<>1 wnteta - If rs i{.,.~1...(.

H.o 30~' from .(Jv lit,uiet /1.845 - fI" bond' hi mol...su.

How are evaporation and <lJU'. b U a k.i11.
degassing SIMILAR? ~ "{)~c>sHn!_ h", +0 010 wi c..o" u.Jt..."" CO"2.-

fj0u, -fro".. "van ;"To "'-fmOJj>!u>R.

-» Thea tVU' 100'11... go -/>J cd"" o S f Iu.-uI ot-

Cl.nR b 'fRo. It: '''If rn 0 leo»!<!J.
How are evaporation and
degassing DIFFERENT?
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Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonatfi!, d.!:Jring weathering.
~hese weathering_Rroducts make their way into strean::'~~d e~tually oceans.

a. How would this ':Plift impact the residence time of C02 in the atmosphere?

in iJ7.J2e<x c.O~ beeaus« vJ h"f) rock. o<J ,a'H> t.t>- 0(>..~

<flu.,! -uhO-\Co mo~ co..., ...ij v.}IJClffLl>"n. r rack. odd/no
Q v t7 CO2 A., Ct"f-ry,.

rn0 yJ! W'2... '!n "".J-r,.-,.

b. Significantly more C02 exists in-the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mount~ns,

monuments, and bricks?

<.'.Jltz.. uJ I HtOe eu......v acrc/,

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
-_-.._----,-,--_.. - - - ----------

how this impacts the residence lime of C02 throughout the entireEarth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system. --

4



ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

5
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

1



ISP203A - Global Change
Cycles

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

r----~ ------.::--,.

GROUP#: ",:a
Student IDs 0 embers Present:

A4?1\9~~%lo....sr-.".'~~ .)Lrq--:;

Characteristic Water Cycle Carbon Cycle

Reservoirs

Processes

Residence Times

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: ~+\I;-ic.:-\Q.\ \OU! -\t"o.+ \~ ~eC ~ ~~ClT'C.. u..:etter-
\Jl'\"'ri\ \'\- i~ '(\~<:Q)_

2. Evaporation: t>f{)~ b'-\ \JJnic'<'l ~t~l \~ C:'crwer-Ted ~r<:lf'<'\

\'''\,I'd (:.Cf"N\ -tl::l 'J'O~C(',

3. Degassing:1'm~ b-\ \J,$'Iic:..Y) di~1;)\~d t\C6 \~ ®'r.~ M<J(n
\lJCl+'~y' Of ~r h~\')id ~\u+\~.

4. Chemical Energy (when is energy used and when is energy released?)

VO·\-e.r"t:1 0.\ \0C o, C\\er"\'\im\ s,\J\;)S+Oi) \U... ""\\)

~C)~C\1) 0. Cf'l~~Q.\ fe.o,C..;\i~ (f<:ltQ.&€.a)) or +-0 *o.r£,\=
C'r\~~().\ s \J'o:;,-h::-.l(',~ (lJSee\). ar(Y)

2



ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. MUltiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

Otw.C"'l ~i)~
Largest Reservoir

, .

.

tlfOJ~ L,fnosp'nwt.
Longest Residence Time ..

, , -.

~'/'O-l/i*<1~~\ ~j: Oltfv\iC-Q\ ere~~"
Which is more important for I\bil~\\\..\ ~f ~

e,~ it-+o
driving-processes, \J,loA-er -Ie 1;0.\\ 0.f\Cl

c): ~j:e.rtr'lt ~OrCV'l\ "gravitational or chemical el/o.?Cl"r~.."~ (tClto~J ~cc)~,tM,C<ienergy?
\JJo.{"lr f\)I\Cl~,

~\.l'OS+o."'~ o.ee ~tocf d\~\~ Of\Ql
~.

How are evaporation and
degassing SIMILAR?

(\fa~o:t1~ ~., fv'ci~~ky\o Olr

How are evaporation and t)1?5QS;~!YJ ~ V-..lO-+t:r Ho{\,\
degassing DIFFERENT? SV:1)16'l~,
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Questions

1. Imagine we rapidly uplift a large chunk of continental llthosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a.. Mow would this uplift impact the residence time of C02 in the atmosphere?

\()C(L~ frul resid'6lC.Q. -\-\r<)~ beco.0~ ~

~\d bt ~e. 001. tl"\-tn.t. ~~~...rt.

Significantly more CO:? exists in the atmosphere since the industrial
revolution and thJ! widespread use of fossil fuels, What has been the impact
of this added C02. on the weathering rate of rocks found in mountains,

~nt~:;~s? tor', '-l~l YuV~_ th...(
,!\I';'}) ,.R. ---tvRoOr'/L([)YV') - Pb~- :p-Q o.-.J
i I lVl.- u 19,Q§iC.-l UJP

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

'\ r -\ht. t)iO<\"\c,$. ~;~cmj L-he~ l:-lJI-d~~

L<:n.. \.JJ\::JJd kl(ftO~ and i\'w; \J.x.:u\d 'J'ltrtC.lJ,lt.fu"f
\e&i0~("\(JL -\"\(">''\\(..

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and howthis impacts the residence time of C02 throughout the entire
Earth system.

10 ~ \\-rh::£P~1 ,r CAl) eor-hjquo./c..e Or 'IOltern tele
(or:':/) md Mi()eC()~ i(''iTO c.\r +~\::. lJ"fjU\d\\)c..re.G.~ ~ OS{

(t?\Qtnt.e. -t\('N.. i/\ ~?~,
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ISP203Ai:-'Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
l. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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-~:" ,
GROUP#:
~tudent IDs 0 embers Present:
f.";3C1~72100
A','2'1011'1O
MD<g'W~1

Part 1: Class Work
Consider the similarities between the
Table A Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

Reservoirs
()c~1 \cJ'<> fI ~I'I-v-<.... c.~j'

Processes
~V(lfOn:;\ih()n. (()\'lck:nSQt Un ~(jjSUifJI8una..i,

~rec linJ-Q:n0Yl, d ISGVlaY~'~"oh~~~~j l~J~ICQ17('1 nes C{ ri>~· t
Imt lowert-nt QVYltiU\t1t 0'1 f

Residence Times IV\JCt+eX \If) t1!Jt reserV(H,( jC:LYVU as LtXI:ferCyje

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: ,,\.,

r\ nP\O\~:3 phet \'w- c, S\J(:i5~ $"v""'"' cs

lvBes- 'l"cit '-J c;.fcC c5C:\-e.......

G~~ c-..::;S.

~ ~1o<r ~ r~f')

2. Evaporation:
Tl'\IL rre-cl!.'., oF \\qv1d

Vt'..rj c~ M ~w- c'jcl(.

c-vcp""c..'-<.> V'''=''' ~ Oe\:-IV'cSPNre
3. Degassing:

Cc~ ~,,'<\~ ar" zyF fwv,,",-~ )1'jJs-C\5'~P

Gc..c"""-<..;> cG'"L <6 C. ':f.N v-...~ c,8vI.<:\5phu-e. .

4. Chemical Energy (when is energy used and when is energy released?)
b('Ut..'i\

\=,,~~ )5 lIy,,-d v-I-,o!A ~:J ~ ~c},

r -c.\-{<0!.6 v->.., 0'\ l....·v·M· -Fa. r rY" .
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ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles
.

Feature Water Cycle Carbon Cycle

Largest Reservoir
c:>cc01'.S II (Y\es\::cv-, e

Longest Residence Time QC!.cM5 l~~

Which is more important for ') <Qv <- ch~ coJ
'jew

driving processes, c\,~cqJ
gravitational or chemical

energy?

\CA~,!V'C"tC\J'<5 ~ \:It.~

How are evaporation and
aCeM»'~/cl-<. \:C\ ~ C<.~rh<re...

degassing SIMILAR?

~\.)c,p . ~... > \.tc~v c\ ~~cS" ev.d

~"'~
i s .9"" bo- ;pS.

How are evaporation and
degassing DIFFERENT?
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ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

T,"","(.c.us~ bU"C<l."~ C"~ ~ ec~ - VAvJCl taR M~'-S\

"'\:-~S('~ (,:1 c\'~"\j <CO\.v\\\ GN'-"'1 ce-c<-S'~ ""

V\>'j \:\.i.T tAI-t"""-' "" \..-'-C res}dJv~ l:::-\A.z ~'1vc.~
b. Significantly more C02 exists in the atmosphere since the industrial

revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

CoreS 'e.ef" (9-eJ:E:.\""1.<'r(,.~"j cc-.L,S'~ ~ Cq1..

\:;l:'. ~ r~\<lJ.ted ',,, oc:u.<..AS I.NN-c\\. ·Vv:r~<.r

_'- I . _A ~ :",f.\t\,V o-or: o~~,,~
r<sesvN~ e-o: ,",''J'--

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

~-rn)'j cr- k,,:t 'fu-<>:r re.\w-....~ r-c-«: C0'Z....

"!"'tt- e..~I'~ ",",,"l'~ ~ ,,('r~ ('~-~clA-..,...e.. ~

~--
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ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own.
means your answers should be generally unique from other students' answers.
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

This
Submit

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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ISP203A - Global Change
Cycles

":"'\"
~

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: lBackgreuml Netes

INd:leY C~de'

• L:hefma\ (Wi Vt'S eV6p0-r1lt i l:l Y'\ / 8mvi-m-t ion6.l cJfilt~ Qe~c.ipi'rClt5ioY11 etc,
o [n:J uc\eS ye::e.vo \f '6 <;;;>i'\)Cf1lI'I"3 (.fIul<t'S')

C(1XDDn Ctdc;.~

'~){lybO~ Com'O\'heS to iX>&~ ?&et elements

H> Y'f\5-~ 'v:Je \r crt:h~y fo f n's

*'i.e a'Ole -to 9'(1Xt'eD w\u'U '(Yt;\y \to~
"OCcon oc\d,i:f1eotjon
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ISP203A - Global Change
Cycles

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

GROUP#:
Student IDs of Members Present:
A'\OCl01'142. f\tVL 42.22.6<Q

A42Coc.q~\4

A4no4'WI

Characteristic Water Cycle Carbon Cycle

OCNn3181Ociexs, ICt\:t'S1 ()i::y'('oe,\l're'rt (C01..,Cl-\4.), cccrms
Reservoirs StfCdm51 CJOQl5! otr'l"re~revel l Ca.0~) COq \+CO~···) J DiOYY'O&S

f\yY'or-o u Yl Ie t (<[ ffi(lorc'lf\\C.'l 1\tl'1ClsOrere (r.
e\!OvYatltfl J coroensClti Of' I 6e@~«'>~ Wrlo..l l cx::eun aClo'lf;

Processes ~r.:(j \)\t:o\;ion I d\ucro,I'¥\ o.~'(\treBi~1 '(es?1 '(C\QOfl ,
;-

:<" lfllim:HiDY"I , il".fittyO'\ion I et 'Cl "," . , YlIIm1n:,,>

laue( '\i(\'lC;; [DUeV' Cll\'\'t I
v

Residence Times il1l"l()vJ ~ outJ'lClUl up (EO.\"(\f,-)

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on,
1, Reservoirs:

0a1,:j -trot 'nola:, '8u!osti)I'\('e (eii:'¥1er u..o-tr or CD\"bO'f'. lYO trl\:')

CQ"J~

2, Evaporation:

~(COJ.\~ 'fY'QIECUICB

~

o

l(\ H~0 to c.roh(2f::· ftOlYl liquid to

3. Degassing:

\M'0e'f\ ('OYW'0 d,ic)XiC8 \fIO'>Je5 f1U'n ott!Jf\ 1""';1 CJ!JJnD:)?Y1ere.

4. Chemical Energy (when is energy used and when is energy released?)

00L\'f\\co.l ~'e reW:O 'U) \')@t- or foHn bJr'd~. \;\l'ne!" '001'03

o.re mrmed el'e\'(j::) Is uX<\ arc} re.leoW wren ro~ Orcclt.
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ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Q:;o\:J1 '('('O'Ie -t)'1e SUtE,rC\'rCt (relY ))00 or U1J1(f'

iffDm CCd:!n -to Q'tif'Oe5i)nert-

Feature

Largest Reservoir

Longest Residence Time

Which is more important for
driving processes,

gravitational or chemical
energy?

How are evaporation and
degassing SIMILAR?

Water Cycle

oceol'\~- lO.Y~'1 omt
'('<I(Df6 \O~ ,.t.

All ~ics Q,i"e

iY1"IDrtDI't WO ()~-e .- ..

m~ aJ.l 'rayt o..n
ex'fet \

Carbon Cycle

oceam- lO'{ejO' 0 ro t

mrof\~ \D~ ct.

How are evaporation and
degassing DIFFERENT?

\\I e\Jol\P'(otIOl'\ I WO'\t:( feD"OIl'3 u.D1-t( 'O'Jt
eron?f3 3\O'ItS. \\1 d5BClS~\l'<;)1 COyvo" 0'0\"q~

fo~f{\
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ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

"A'IY'D\.J:nf:; Of COz. i'0 O\t{Y'loo\-,Y1ere t0Clrt'Oo/S 50

'('e5. ti me. \l\tVU1'3t'S

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

weo:-trerl¥'S '10Tt5
!fO$'(

'rove \\\CI~O 5"0 -t\'11'(\C\6 brED ~
'-'

dOWl

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

U'Je 8\~ Df tre.-.. YE~Y\ld ( \~ eXDnqed
'to \!e&\cence..- time..-. CtuVlCj€5

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

'V-et;,toe.lI~ U>Me-. \'(\ m--e- \rf5e.VO\ v Ofttd::s
-tte... eI'-b~ "'&'i~h:.VI1.
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ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own.
means your answers should be generally unique from other students' answers.
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

This
Submit

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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ISP203A - Global Change
Cycles

\
\

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

Largest Reservoir

Longest Residence Time

Which is more important for
driving processes,

gravitational or chemical
energy?

How are evaporation and
degassing SIMILAR?

How are evaporation and
degassing DIFFERENT?

3



ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.. ,

a. How would this uplift impact the residence lime of C02 in the atmosphere?

h GfIJ'f ",,<vIC) /"crUiS,,- ,1-4.", ('<-5/0rY>= Hr>e. 01 Cu;
ifl fl,e c,fi"'o'pMe..re bec=SR- +~re. is ('?ol'e- cO;z,

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

7"he- eX-hc, CO;). CCLL<Je5 re ck:> -/0 wec,+v {;;sF-e.s-.

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

t-="DC el'otI'r-IP-II' 1~ I'·f~5f~~ if ~f1?cdler cI- Cev,'/ he fd "\5 f'"?-c0

COol' ",II cf" ·ILee C·/L.u- f1-.S>er-vbc'r-S t..vc...-/d ~av< h, hold

{'ore. Co~ \ J v c 0 <Z5 .jice q-r-/';csp~ '-vhlc I-, i--<>-/d

{'. r>rc. ; 1"\ /J.d""L

"1 J i, <"fu"

-I-.c «cA/?e---, scc<k..

c­..' '"'

;@;;fi-.?t;§jc:Jt;g~>& s.,. ).., 9

(Y' "..rl/il; <~. CJ.' II hc,v<'-ol-/.'<.Y

he.,~

Hf'""L )
~'rl

('e.s IcJer,ce

)0 ,f4e'd

3. Describe a situation where the residence lime for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

r r .{l."z trs«s'vi'cr

4



:"

~;, ..~..~­
. jb< ,

,,:.-.,,~~

ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

1



ISP203A - Global Change
Cycles

GROUP#:
Student I~s o~Members Present:

O-l--\ \ '\ ~IJ'" u0, k JOP Y-O<f7

A-l\-\'i(\(,Ir<; ~\.(::J f!,~"R)16

Part 1: Class Work
Consider the similarities between the
Table A Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

Reservoirs
60-~~, 0.L r"V~,
0~ \--tA.

!® {,V~p"r-i;; ~ -v
Processes

Residence Times

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

t , /: , \
e-(-h..{.....;e...-, .....

2. Evaporation:

3. Degassing:

,
'J:)';r-'"

\,' 0": )
4. Chemical Energy (when is energy used and when is energy released?)

,L ,l-,--~J

b\-uJA 4-\
0' 2



ISP203A - Global Change
Cycles

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature

Largest Reservoir

Longest Residepce Time

Which is more important for
driving processes,

gravitational or chemical
energy? .

Water Cycle

L....r L '0~Jc~U
~ v-vv\.-). I '"'

t...''O ~ (""-//, ~ ('> •

Carbon Cycle

How are evaporation and
degassing SIMILAR?

How are evaporation and
degassing DIFFERENT?
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ISP203A - Global Change
Cycles

Questions

.:.,
!,-.' )li

,\

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

4



ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

5
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
l. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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ISP203A - Global Change
Cycles

,'.

GROUP#~
Student IDs of Members Present:

fr.-l'2'S\SL~P\ ¥t l\'Llo1'2'1
~ "¥1l1(-; D~b~

Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

Reservoirs
GC~O'i(\~\Otc,W~) \OXL, fumQ·~vrece,

",'\feo: t:,\DS9~' \~-wJ,

Processes ~O'\DJ~if), e,onelQoS(i(\l lin, ~~~LDo1'

~(e.u.,Plkro:J<).(), \'()\') \ '9~~~/o~
LPwer ~\~ clJ OImOn'c :JcwY\fL

.J

Residence Times
de-V-'~ I \~cs;->~"

~ .
Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:
~\QLQS\\0\t1er-e. C-\e\l\nenn QQ S;'\:Q~&.

2. Evaporation:

~(eCL¥:-\.i()~ (}tS\!J'0 rJ.- ~\er- '(Y\D~(.LA.\L 1 t;3 o unS
'0tlcJt. V\~ ~ ()l'(\{'f\0 S?Yler'e- .

3. Degassing:

'\tJ'I\C{\ Lo'l. \eD..vn Dee.(JJ(I D..J\(j., ~" L0'10:>

OS\[yI(.),::'\l'nert. .

4. Chemical Energy (when is energy used and when is energy released?)

~t,\f) \<; V\.>e.C~ -\-0 '0'<"eoJt. ro'()ol~ CtJ<lcl
eJ{)if~~ i":> '(e;-£aLe6- WYle..n '00'\\0\ \ It\'<C bro~
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ISP203A - Global Change
Cycles

¥\'-rIS \S'2sot
'A~7--\.p1'2-\~.Y'
Y-T'-\'?:.~O~LGl---'

Fill out Table B to the best of your abilities. Multiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

Largest Reservoir t'l \CAt' e,,(S l\'<Yl-e 'S.tooc

Longest Residence Time oceCUI\S lwne. ":, 'ttl '<l-e..

~ ~
Which is more important for

driving processes,
gravitational or chemical

energy?

~\!v\ ~Q;(J6, "'"'\\A.+\-\Io .\N)J2.

How are evaporation and
iA\-\i"l\()"\?Y\e.ce..-

degassing SIMILAR?

6J~o rC\J"'-lJ<J U <e, 'S r'\ &0 .

How are evaporation and
\)Q.c:p_s.~\'0) LA~"CO,-

degassing DIFFERENT?
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ISP203A - Global Change
Cycles

Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

1\1\ \<;; \A)~UJd. \OW'Ol~ -rc,s ~ct.Q)'0U-.-~

c:k (oLCJ1~ o..kJY\O'S.~Y'I-e.cL.... ~Cctv.k~
Cf..,1{Y\0J.v'{\\::: C.A::/O~cJ- l-..rc.X-e.Ql...l.e.....

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

~WL~L~ -rC\.kQ,~
'\.N\ creJ)Ji3~ •

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

W~~~~ ol?- CO L.. \.J(JCAre.cx..s-e \ U\~
CA.QiU). -cos: C\.)NlO~\::; O\-c.v'l.. ~~\[\O~~

OOD"<"'€.- cQI{*V\ \ s.'1flcG(Ylu.)()~ U{)~

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

\ ~ ~~"('(\ GVvI\:-"" oc;... CC)"L.-- '-XlG~..~.Q)? un
::¥'M- OCQ.~t)(ls.1 ...:yIt\9.... QX"YlC)U!\ \:- O~ CO~ c....n ~

E:a~--V\n \ ~~<n \.N' C'.-yeo.se. \> W V\'"\(I...h MC;reaSe s

'(e~ ~~U- .lc\\f{\...L.
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ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

5
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ISP203A - Global Change
Cycles ,

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work
Consider the similarities between the
Table A. Positive Feedback Loop

Characteristic Water Cycle Carbon Cycle

OUAJl\, <ji<\.c.,G" , luks, b...\-"""pw<-(W-z.) (eli'!) eM\
Reservoirs O,c..e«ns (c.uc.o 3,CO,,-, !feo;)... 0;1

:SfreucM<; cloucl s CdMoSI"krc. 1!tlo''''''''Ls.:r'JW"> <'1i~"?, f.A~ (l,~s
·o.rolh'\dwa\..f'r'· , L ll-kooS ..,!. L _ ~",.r

eve...\",(l>.~ol\. e..o(\~ 'a 1-, ...... , D"\\~s,"~<Jc,,, I, Ocean kld;~i<~h'M

Processes ?Ce.o.' p; ~"I-'c ...., oI'-,h<tt,,-~, ~"u-6~)" <". r-e,sp ira,h"o~,w«<ikn 0'

s WM"~,." .n.;/Uro.t.:" L ",":raJ~
(-\u",,,,,,: c.eo\O>,t f:,vrni'J k.»;l (;:,d'£l "J

lowe('" re s; c.tu\CIL.. ~M.£ ~ ~",.......c.r o.d1OCl/1 t !I\~re. or Ie.~s tho. SCLi>\J1..
Residence Times o? w"kr ;" «.=v<>;r, 'nC/o", 4:

o\J~C 1o,"" .

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: S\-""",¥,- '0.."'-"." w~ ......"kc o.n<\ c.o.rbc,'\ 0. ee, _

2. Evaporation: 1,~u ..J !<> 'i)ClS c:Ct<>'n¥-

4. Chemical Energy (when is energy used and when is energy released?)

W IL41 l>to/-e.e:ulc!;' bc"",( fop ..... or I,rw.k.. RJ'IU5Y '~lUll.eCLYt.1 o..,J (4J.L+

I"> c:~'u: ...( ~'I_
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Fill out Table B to the best of your abilities. MUltiple correct answers may exist for a
single box. Try to include your reasoning along with your answer - What evidence do
you have to support your answer?

Table B. Features of the Water and Carbon Cycles

Feature Water Cycle Carbon Cycle

Largest Reservoir Oc.e.o./\ S - 'n i~ Li ~~"~p~. E""il-ki")
-\-1..0- \"'1"-,1- boc\y .t

+b~ is 1,,,(,.,,1 Idaw (r..... ,un;.."",-k.
l-it"'tJ~~ buri« (.

Oc.e,uJ\$ - r-/-S -I-k ~Il- Li 1-hos~h.ere. - n· :l.la.~ s

Longest Residence Time boJ'f 0 ~ <-'J"k- '" '"u '3 ,{\ -I-k r ku>,~",= un b

5bf-5. ku,>ID,w;. d\~ r.rfN ({ <Jofl Idctia/l..n~

or "'- lwyt..

ISo\-\" i lI'\p<ret<vl ( - (hul1 feu I ._
~

Which is more important for e""oJY e.l!l<.c.Js bNls~
driving processes,

Gl<tvikth1"",1 eA#'j1 e~gravitational or chemical

~energy? +lu!.-_,-.e.""-"1,~ J'n.,." Cl<~ r<sef.:
\-z., Mcihtr .

Ik.ut bcJ~" 'Put ~C\.5 iY\ k }lo.. a,J-mos'P~('e.

How are evaporation and
HiI"O()9h re, ¥FIIO! r.degassing SIMILAR? C\,

f'l'<\.1'" cti...\.'<'l\ 0tA(~ w( I" H-z.o utt.cl 1'<pujol'S or>l1.

How are evaporation and
D~a.5~i~ .su: G.t(~ol\ CJ.d Co'" (OMIL ~degassing DIFFERENT? ckti5

sc.l\iols ~ (l~ui;J~.
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Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This wouid expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

11'\t.re&~, kca.uYL i~ i ~ -\eJu"."i CSAfba1\ cut o[ -Ih.. Mhospkt<.. <t~J

~~h"J 'I~ iVl.fo ~otk.r re.s~rv()ir;,.

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

Ti"~, be.(~SR.. I-k..re.. f:; <a Ie! MOre. u1l -n.a!vral or f1'!QVl'/l'U1<.i.,-

weQcHtw''-j occurlA.:> Il1a.bJ.y flu. rede. iilCf"U<SI:

2, Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

~ '11<\.1\+ Goal re..w-vo;r () du, uf Q.l'\.ot used ill r;, I-a fi' .,.
, c r 1:.S. TI1/ s pLli-s

VV\O~ Curbd'" I"" lite Ct/7I1o~PItwe. aM less in Ik. l!ilto'Spitue.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system. _ '.

1..-1-' fk bt(llfal-ut-e.. !1lcr&JtuJ tl1<Jould I;~crwt'ie.. ="-'1 QCi'd,'{;cal,o",

av\o-\ II\t.fejll'K lite. rcsidutCQ. !-the. 6<-(oux. of If.... DCECL/1S size.. fhrr w<!VIJ

il\Ut:Qlse. -i-k h~ ;1- hft.e5 !tJ Jl1f-lk.... '5eq"5W{~.
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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